journal of 


THE CHEMICAL SOCIETY 


Publication Committee 
Chairman: C. K. Ingold, D.Sc., F.R.LC., F.R.S. 


Cc, C. Addison, D.Sc., Ph.D., F.R.1C G. W. Kenner, M.Sc., Ph.D. 
G. Baddeley, Ph.D., D.Sc., F.R.1.¢ H. C, Longuet-Higgins, M.A., D.Phil. 
D. H. R. Barton, D.Sc., F.R.IC., F.R.S. B. Lythgoe, M.A., Ph.D., F.R.I.C. 
F. Bergel, D.Phil.Nat., D.Sc., F.R.ILC. R. A. Morton, D.Sc., Ph.D., F.R.S. 
E, Boyland, D.Sc., Ph.D A. Neuberger, Ph.D., M.D., F.R.S. 
J. Chatt, M.A., Sce.D., F.R.1. R, G. W. Norrish, Sc.D., F.R.I.C., F.R.S. 
P. B. D. de la Mare, D.Sc., Ph M. W. Perrin, C.B.E., M.A., F.R.LC. 
H. J. Emeléus, D.Sc., A.R.C.S V. Petrow, Ph.D., D.Sc., F.R.IC. 
D. H. Everett, M.B.E., M.A., D.P H. M. Powell, M.A., B.Sc., F.R.S. 
G. Gee, Sc.D., A.R.I.C., F.R.S P. L. Robinson, D.Sc., F.R.I.C. 
B. A. Hems, D.Sc., F.R.1.¢ K. Schofield, Ph.D., D.Sc., F.R.1.C. 
E. L. Hirst, M.A., D.Sc., LL.D R.S N, Sheppard, M.A., Ph.D. 
H. R. ing, M.A., D.Phil., F.R.S M, Stacey, Ph.D., D.Sc., F.R.S. 
H. M. N. H, Irving, M.A., D.Phil., F.R.IC L. E. Sutton, M.A., D.Phil., F.R.S. 
D. J. G. Ives, D.Sc., A.R.C.S., FRC H. W. Thompson, M.A., D.Sc., F.R.S. 
E. R. H. Jones, D.Sc., F.R.ILC., F.RS E. E, Turner, M.A., D.Sc., F.R.S, 
A J, P. Ubbelohde, M.A., D.Sc., F.R.S, 


Editor 
Cahn, M.A., D.Phil. Nat., F.R.LC. 


Assistant Editors 
A. D. Mitchell, D.Sc., F.R.IC. L. C. Cross, Ph.D, A.R.C.S., F.R.LC. 
A. E. Somerfield, Ph.D. 


JUNE, 1956 


Subscription rate to non-Fellows £10 Os. Od. per annum post free, 


THE CHEMICAL SOCIETY, BURLINGTON HOUSE, W.I 


THE CHEMICAL SOCIETY 


PATRON 
HER MAJESTY THE QUEEN 


President 
E. L. Hirst, M.A., D.Sc., LL.D., F.R.S. 


Vice-Presidents 
who have filled the office of President 
Sir lan Heilbron, D.S.©., D.Sc., LL.D., F.R.S, W. H. Mills, M.A., Sc.D., F.R.S. 
Sir Cyril Hinshelwood, M.A., Sc.D., F.R.S. Sir Eric Rideal, M.B.E., M.A., D.Sc., F.R.S. 
C, K. Ingold, D.Sc., F.R.I.C., F.R.S. W. Wardlaw, C.B.E., D.Sc., F.R.1.C. 


Vice-Presidents 
E. D. Hughes, D.Sc., F.R.IC., F.R.S. H. W. Melville, D.Sc., F.R.ILC., F.R.S. 
E. R. H. Jones, D.Sc., F.R.I.C., F.R.S. M. Stacey, Ph.D., D.Sc., F.R.S. 
R. P. Linstead, C.B.E., M.A., D.Sc., F.R.S. Sir Alexander Todd, M.A., D.Sc., F.R.S. 


Honorary Treasurer 
M. W. Perrin, C.B.E., M.A., F.R.LC. 


Honorary Secretaries 
L. E. Sutton, M.A., D.Phil., F.R.S. F, Bergel, D.Phil.Nat., D.Sc., F.R.1.C. 
J, Chatt, M.A., Sc.D., F.R.I.C. 


Ordinary Members of Council 

D. W. Adamson, M.Sc., D.Phil., A.R.IC. H. M. N. H. Irving, M.A., D.Phil., F.R.LC. 
C. C. Addison, D.Sc., Ph.D., F.R.1.C. G. W. Kenner, M.Sc., Ph.D. 
G. R. Barker, B.Sc., Ph.D. B. Lythgoe, M.A., Ph.D., F.R.I.C. 
R. M, Barrer, D.Sc., Se.D., F.R.S. A. Maccoll, M.Sc., Ph.D. 
V. C. Barry, D.Sc., M.R.LA., F.LC.L, FRC. F. H. Pollard, B.Sc., Ph.D. 
F. Bell, D.Sc., F.R.LC., F.R.S.E. J. M. Robertson, M.A., D.Sc., F.R.S. 
E. A. Braude, Ph.D., D.Sc., F.R.IC. H. N. Rydon, D.Sc., D.Phil., F.R.ILC. 
A. G. Evans, Ph.D., D.Sc., F.R.LC. H. D. Springall, M.A., D.Phil., F.R.1.C. 
A. Hickling, D.Sce., Ph.D., F.R.LC, L. A. K. Staveley, M.A. 
L. Hunter, Ph.D., D.Sc., FRC. W. Wild, B.Sc., Ph.D., A.R.LC. 

G. T. Young, Ph.D., M.A., A.R.1LC 


General Secretary 
J, R. Ruck Keene, M.B.E., T.D., M.A, 


Librarian Deputy Librarian 
R. G. Griffin, FLA. J. Bird 


June, 1956 Journal of 


the Chemical Soctety. 


ar , 

New Horiz e Spectropho 
ample and 
luct quality 


riormation al 
ultraviolet, visit ! lrurar r 


UNICAM 


SPECTROPH 


Journal of the Chemical Society. 


A, ae. 


emperature . 


7 


i 


recorded simultaneously and continuously by the 


stanton thermo-balance 
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Once set, the new Stanton thermo-balance will reproduce 
and record weight changes, time and temperature for 
periods up to several days. ‘The many applications of 
this precision balance include the recording of ignitions 
or similar studies; determination of moisture, volatile 


and ash; preparation of oxidation curves; oxidation 
rates on metal powders; investigation of sublimation 
phenomena; evaporation rates of solvents, etc. 

The Stanton thermo-balance is air-damped and suitable 
for a total load of 100 grammes; 
it may be supplied with a sensi- 
tivity of 1 mg. or 1/10th mg. 
The standard furnace (as illus- 
trated) is suitable for 1,000° C, 
but alternative furnaces for both 
low and high temperatures can 
be made, Purnace tempera- 
ture and change of weight are 
followed simultancously on a 


twin pen electronic recorder, 
(incorporating Fielden “ Servo- 
graph " patents), 


STANTON RECORDING BALANCE 
Similar to the thermo-balance, but without a furnace; the 
twin recorder is replaced with a single range instrument 


which records weight and time alone on a 5 in. chart, 


Hoth balances incorporate an automatic timing device which operates the arrestment mechanism at known 
time intervals Full details af these precision instruments are included in the Stanton catalogue—sent 


free on request 
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stanton precision balances 
STANTON INSTRUMENTS LTD., Dept. TCS/1., 119 Oxford Street, London, W.1 


Telephone: GERrard 7533 
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PROGRESS IN 


CHROMATOGRAPHY & 


SEPARATION OF LARGE MOLECULES ELECTROPHORETIC ANALYSIS 
BY ELECTROPHORESIS OF SERUM PROTEINS IN CHRONIC 


Since most large molecules and colloidal RHEUMATIC DISEASES 


particles carry a charge, electrophoresis is The analysis of serum protein for purposes of 
obviously a convenient method of separation. diagnosis has been greatly advanced by paper 
However, the disadvantage is that, when the electrophoresis. Kunkel and Tiselius (J. Gen 
potential gradient is merely applied across a Physiol., 3§: 89. 1951-2) have described a 
buffered solution of the material to be separa- procedure which is ‘extremely simple and 
ted, re-mixing may occur owing to convec- surprisingly accurate’, but lay great stress upon 
right filter paper 


tion currents, and complete resolution of the the importance of using th 
fractions is not possible, The reason for this is that, though human 
Such difficulties have been overcome by using albumin migrates towards the anode, there is 
filter paper to provide a capillary mesh to hold an clectrosmotic flow of buffer solutions 
the solution. Each end of a filter paper sheet towards the cathode. It has been found that 
oaked in buffer dips into a trough containing Whatman 3MM. paper is satisfactory in re 
electrode and a quantity of the buffer ducing thi yw to the desired minimum. Th 
olution. When a solution of the test material physician's diagnosis is confirmed by an in 
plied to the centre of a strip, its Compon- crease of gamma globulin and some decreas 

vill migrate towards one or other of the in albumin, both of which are revealed by 
ke Their direction and rate of travel simple imspection | t r strip method 
their position on the strip) will furnish bri lectrophoretic analy vell within the 


to their identity. RKe-mixing cannot sco of normal il laboratory routine, 


ur, and the fractions are available for both } pa very favourably with previous 


salitative and quantitative examination ‘ iques ¢ o t und accuracy 


Now that you have read this report it may 
tography can help you in your research or pr 
our long experience in this specialised | 
Discuss the possibilities of chromatograph 
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WHATMAN FILTER PAPERS 


( Manufacturers W. & R.B n Ltd 
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A low-bolling ether of low water salubility | , 


for extraction and other industrial purposes. 


(oa Shell Chemical Company Limited 


109 Strand, London, W.C.2. Telephone: Temple Bar 4455 


LONDON: Walter House, Bedford Screet, W.C.2. Tel: Temple Bar 4455 
MANCHESTER: | 44-146 Deansgate. Te!: Deansgate 645! 

Soles Offices BIRMINGHAM: | 4.20 Corporation St., 2. Tel: Midland 6954-8 
GLASGOW: |24 St. Vincent Street, C.2. Tel: Glasgow Centra! 956! 
BELFAST: 35-37 Boyne Square. Te/: Belfast 2008) 
DUBLIN: 53 Middle Abbey Street. Tel: Dublin 45775 
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Fluoro-organics now listed by us 


m-Amino-benzotrifluoride 
2-Amino-5-nitrobenzotrifluoride 
Benzo-trifluoride (9%",) 
Boron trifluoride acetic acid com- 

plex (40% BF,) 
m-Bromobenzotrifluoride || 

154° C.) 
e-Chloro -benzotrifluoride 
m-Chiloro-benzotrifluoride 
o-Chloro -benzotrifluoride 
Chloro-difluoroacetic acid 

i IF OOH) 
2-Chloro-5-nitro-benzce ‘rifluoride 
Dibromo-difluorocethane 

fi, BeOBrk, 

Di-tert.-butylfluorobenzene 
1 : 2-Dichloro-2-fluoropropane 
Dichloro-monofluoroacetic acid 

OOF OOH 
Dichloro-fluoroacetic anhydride 


on 0 
pF 00), 0) 


Have 


that Eastman Organic 
Chemicals include uncommon 
organic and uncommonly pure 
ones. It’s true, though! 

You will be surprised at the 
number we can supply from stock 
at Kirkby—and those not in stock 
can be got in a few weeks’ time. 


It will pay you to write to us 


Kodak wn 


Kirkby Industrial Estate, Liverpool 
Simonswood 2402 
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Dichloro-tetrafluoroacetone 
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m-Difluorobenzene 
»-Difluorobenzene 
1 : 3-Difluoro-@ : 6-dinitrobenzene 
4: 4 -Difluorodipheny!l 
SOOO COCOSOOOCOO0000008) 2 : 4-Dinitro-1-fluorobenzene 
“Eastman ts a Trade Mark Ethy! trifluoracetate 
Fluoro-acetamide (m. p. 107 
2-Fluoro-4-aminotoluene 
3-Fluoro 6-aminotoluene 
Annual Reports Ttnore-aagine 
»-Fluoro-aniline 
o-Fluoro-anisole 


on the Progress p-Fluoro-anisole 


Fluorobenzene 


0 f ¢ h e m i ~ | r y p-Fluorobenzene sulphonic acid 


p-Fluorobenzene sulphony! chlor- 


for 1955 ide 


p-Fluoro-benzoic acid 
m-Fluorobenzotrifluoride 


jololclojalolojolc} 


VOLUME LII 
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p-Fluorobenzotrifluoride()).p. 10! 
m-Fluoro-benzoy! chloride 
1-Fluoro-4-bromobenzene 
4-Fluoro-3-bromotoluene 
3-Fluoro 6-bromotoluene 
— be ordered. 1-Fluoro-2-chlorobenzene 


1-Fluoro-3-chlorobenzene 


Copies of this regular publica- 
tion of the Chemical Society 


Price: 
Thirty shillings, post free 


THE a LIGHT & Co Lid 


CHEMIEC AL POYLE TRADING ESTATE 
SOCIETY | 

COLNBROOK BUCKS ENGLAND 

Burlington House « London, W.1 
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—MANSFIELD OIL-GAS PLANT— 
FOR LABORATORIES’ GAS SUPPLY 


Laboratories without a supply of gas should write for particulars of this Plant 
which produces gas in a simple manner from any cheap oil such as Solar Oil, .. . 
The gas produced has a calorific value of 1,350 B.T.U.’s per cubic foot, and is 
suitable for use with any appliance designed for use with coal gas and gives 
perfect oxidising and reducing flames. 

MANSFIELD & SONS LTD 
62 HAMILTON SQUARE, BIRKENHEAD 


The Polytechnic 309 REGENT STREET, W.1 


Department of Chemistry and Biology 
Head of Department: W. Davey, 8.8C., PH.D., F.R.1.0. 


The session 1956-7 (Day) will commence on the 18th September. There will be 
FULL-TIME DAY COURSES for the following examinations : 


INTERMEDIATE SCIENCE AND 
GENERAL CERTIFICATE OF EDUCATION (ADVANCED LEVEL) 
DIPLOMA IN CHEMISTRY B.SC, GENERAL 
B.SC, SPECIAL CHEMISTRY, BOTANY, ZOOLOGY 
A.R.L.C. 

Botany and Zoology or Physiolugy may be taken with Chemistry for the B.Sc. General 
degree, or as subsidiary subjects to the B.Sc. Special degree in Botany or Zoology. 
EVENING COURSES for the above examinations and also for the CeRrTIFICATE IN 
BIOLOGY will commence on 24th September, 1956. New students will be enrolled on 
19th September, 5-8 p.m. 


Prospectuses may be obtained on application to the DIRECTOR OF EDUCATION. 


4 K LEWIS BOOKS ON THE CHEMICAL 
. “ AND ALLIED SCIENCES 
Scientific and Technical Books :: Large Stock of Recent Editions. 

Foreign Books not in Stock obtained to order :; Catalogues on request. 
LENDING LIBRARY -—Scientific and Technical 
ANNUAL SUBSCRIPTION FROM £1 17s, 6d. PROSPECTUS FREE ON APPLICATION 
THE LIBRARY CATALOGUE containing classified Index BI-MONTHLY LIST OF NEW BOOKS AND 


of Authors and Subjects revised to December 1949, 


Pe. xii 1482. To svosertpere, io. 66 pe Ve, none NEW EDITIONS ADDED TO THE LIBRARY 
RE en ee, tees ite nOMertrcribers bs, nee, POST FREE TO SUBSCRIBERS REGULARLY 


1952 4 subscribers Js. net; to non-subscribers 6s. net; 

postage Fd. 4 J SU e ti Bg re f i a 

H. K. LEWIS & Co. Ltd., 136 Gower Street, London, W.C.! 
T i 
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For high 
pressure pipe 
lines the 
universal 
specification 
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ERMETO 


VALVES & COUPLINGS 


Because of the increased efficiency 
they have brought to pipe line 
systems, ERMETO fittings have 
helped im the achievement of 
many fine engineering enterprises. 
Technical literature gladly sent on 


request 


BRITISH ERMETO CO.LTD. — 
Maidenhead, Berks Tei: 2271/4 


We are makers of : 


TRICHLOROACETIC 
ACID B.P. 


y. solution? 


JOHNSONS produce a very wide range of Test and 
indicator papers prepared for both general and 
specific use in Science and in Industry. 

For general use and the accurate determination 
of pH values, the following test papers are recom 
mended 

UNIVERSAL TEST PAPER will give the pli value 
of any solution *o within OS pl in the range of | 
to 10 


Samples and quotations frem: 


For still greater accuracy, the set of four COM 
PARATOR TEST PAPERS show values from 36 to 
10 pH in steps of 0-3 pl. 

There are, in addition, over 40 different kinds 


KAY LENE (CHEMICALS) LTD. aa ee eee 
WATERLOO ROAD, LONDON, N.W.2 Write for leaflet giving full details 


vals ARES ee JOHNSONS OF HENDON LTD. 
LONDON, N.W.4 EST. 1743 
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L landarcy Autofiner, / sts 
South Wales. Photo by 


courtesy of The British 


ante for Research 
and Industry 


Commissioned in July 1952, The British 
Petroleum Co, Autofiner at Lilandarcy 
uses Spence cobalt and molybdenum 
oxides on alumina catalyst, and has 
been in continuous operation since 
that date for the desulphurisation of 
tractor fuel 


The initial charge of catalyst continues 
to give entirely satisfactory service 
Examination at the end of two years 
confirmed that the activity and 
mechanical strength of the catalyst 
were quite unimpaired 


WIDMES + LANCASHIRE 
also at LONDON & BRISTOL 


PETER SPENCE & SONS LTD 


pe ee ee 


PHYSICAL PROPERTIES 
Boiling point at 760mm. 
Freezing point 
Sp. Gr. at 15.6°C, 


163 €, 
~87.3 C, 
1.743 


Used as a catalyst in conden- 
sation and alkylation reactions ; 
for the preparation of alkyl and 
aryl fluosulphonates, acy] fluor- 
ides and aromatic sulphonyl 
fluorides, As a toolin preparative 


5 


FLUOSULPHONIC ACID 


This is a colourless or pale straw-coloured, 


mobile, liquid which fumes in moist air, 


It is a remarkably stable compound and can be 


redistilled in glass apparatus. 


chemistry, it is similar to chloro- 
sulphonic acid but is generally 
more stable, 

With boric acid it gives boron 
trifluoride in an easily controlled 
reaction which forms a conveni- 
ent method of generating small 
amounts of that gas. 

It has been used in the electro- 
polishing of certain metals, 


Advice on materials of construction and on handling, may be obtained from 


/Prrmanpponmue 


varerees OF et 


IMPERIAL SMELTING CORPORATION (SALES) LTD., 37 DOVER ST., LONDON, W.1 
PIONEERS IN FLUORINE 


DEVELOPMENT 
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the outstanding purities of 


Judactan 


analytical reagents 


We invite you to compare the 
actual batch analysis shown here, 
with the purities guaranteed by 
the specifications to which you 
normally work — we are sure the 
comparison will be helpful to you. 


AMMONIUM PERSULPHATE A.R. 


(NH,),5,0, Mol. We. 228-21 


ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 


Batch No. 52203 


Chioride (Cl) . 00005 
Heavy Metals (Pb) 0-0002",, 
lron (Fe) . 0-0002° 
Manganese (Mn) no reaction 
Residue after ignition 0-05 

The above analysis is based on the results, not of our own Control Laboratories 


alone, but also on the confirmatory Analytical Certificate issued by independent 
Consultants of international repute 


This is the analysis of a 
Judactan reagent. And, as with 
every other reagent in the series 
it is the actual batch analysis 

it is one Of several of which 


we are especially proud. 


General Chemical & Pharmaceutical Co. Ltd., Chemical Manufacturers, Judex Works, Sudbury, Middlesex 
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The Ring Fission of isoQuinoline-Sulphur Trioxide. 
By K. T. Port 


disodium salt of 1 ; 2-dihydro-1l-hydroxy:soquinoline-2 
is the constitution of the product obtained by the action of 
old aqueous sodium hydroxide on isoquinoline-sulphur trioxide.' 


ulphoni acid 


BAUMGARTEN and OLSHAUSEN ? first investigated the 
hydroxide on isoquinoline-sulphur trioxide (1) and concluded that ring fission occurred, 
riving a salt (III). The colourless acid, obtained from the salt on treatment with dilute 
acids, was designated as (IV). This is analogous to the intermediates 
formed in the hydrolysis of pyridine-sulphur trioxide.* 

On re-investigation of this reaction it became apparent from spectral studies that the 
tructure of the product obtained was more correctly represented as (IT) 
of 1 


iction of cold, aqueous sodium 
assumed to be 


the disodium salt 
2-dihydro-1-hydroxytsoquinoline-2-sulphoni 


N’SO,Na 


“ONa 


Che empirical formula was confirmed as C,H,O,NSNa,,2H,0 and it 
with those previously reported. The infrared spectrum (in Nujol) 
at 2-90 (s) * (ana 


prope rties agreed 
howed absorption band 
ociated OH from the water of crystallisation present), 6-14 (m) (aromati: 
nucleus), and 8-10 and 8-45 yu (s) (sodium sulphonate group rhe most significant feature 
was the absence of carbonyl absorption which should be present for a compound (II) In 
the spectrum (Nujol) of the monosodium salt of glutacondialdehyde* a characteristic 
carbonyl absorption band occurs at 6-25 u (vs), the absorption at slightly longer wave 
length (usual absorption, ca. 59 uw) being due to the extensive 
symmetry of the molecule 
Che acid liberated by treatment of this salt with dilute acid 
red carbonyl absorption if it were correctly represented by (IV). Its spectrum was found 
identical with that of the original ssoquinoline-sulphur trioxide (I); it had the 
ral broad absorption of salts, a band at 6-25 u (m) which experience in this laboratory 
dicated j generally associated with the carbon nitrogen double bond 
olinium salts (6-2—6-3 yp), and bands at 9-45 and 9-55 yp | phonic anhydride) 
In a recent paper, Witkop * regards salt formation in pyridine causing an absorption 
it 6-07-6138 p rhe analytical results and properties of this compound agree with thi 
on and the m. p. was not depressed on admixture with fresl 
ilphur trioxide 


conjugation and high 


hould likewise have infra 
present im 


ly prepared 1so 


violet spectra of tsoquinoline-sulphur trioxide (1) (max. at 2650, 2750, and 
| the sodium salt (IT) (max. at 2750 and 3350 A) are analogous to those of 
hydrochloride ** (max. at 2500 and 3278 A, ammonium 
of the hydrochloride in the presence cf an excess of 
| max. at 2875 A, carbinol form) and berberine.® 


olution of the salt (II) in 50% ethanol had pH 11-8 ar 


form) and aqueou 


2n-sodium hydroxide (ill 


d on titration with O-IN 
hloric acid the neutralisation curve indicated the presen a strong base Ai 


tiOT 
On 
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Pott lhe Ring Fission of 


red at pH 4°3 and is due to a process involving addition of a proton to tl! 
1 and then immediate elimination of water from the resulting sulphonic a 
presence of a strong base in solution can be « ned by both for 
ire (LV) it would be expected that the imino-hydrogen atom would be weakly 


1 tl odium salt (III) would give an equivalent of hydroxyl ions in solut 
imilar argument may be used for a structure (II) 
Att mpts to how that the salt (II) undergoes the normal reactions of pseudo ba 


e.g., ether formation and the reaction with nitromethane, were unsuccessful owing to thi 


instability of the molecule. 
type of carbinolamine formation is well established in the isoquinoline series, ¢.g 


I , ’ 


lamines derived from 2-methylisoquinolinium salts 7 and various tsoquinolin 


recently,® the further action of hot, aqueous sodium hydroxide on thi 
affords 4 ; 2’-diformyl-2-phenylnaphthalene (V) and not the dialdehyde (VI 
Baumgarten and Olshausen. Hence the naphthalenedicarboxylic ac 
the above authors has structure (VII) and accordingly the structure of thei 
ofluorenonecarboxylic acid must be amended to (VIII rheir cyclisation of the 
) to 2: 3-benzofluorenone (1X) by distillation with lime is interesting in that it i 
xception to the usual mode of ring closure in the naphthalene series where cyclisatior 
lways occurs on to the 1-position in preference to the 3-position. It is possibl 
this ring closure might occur by a method similar to that of the diphenik 
yclisation,”® but a more attractive ¢« xplanation is as follow 
Under the influence of heat there is a tendency for carbon dioxide to be eliminated fro 
msalt of (VII). This leaves a negative charge at position 4, and, after prototroy 


t of the hydrogen atom from the 3- to the 4-position of the naphthalene 
itive charge on the 3-position. The final step probably involves a nucleo 

of the 3-position on the carbon atom of the other carboxylate ion. Thi 
represented in (X). No close formal analogy to such a 1 : 2-prototropi 
nt can be recalled but it would not be surprising in view of the reaction 


il method employed by Baumgarten are describe 


, 1914, 105, 1456 
1055. 2466 


ulen, 1873, 166 


isoQuinoline—Sulphur 1 rioxide 


EXPERIMENTAI 
Light absorptions refer 


oOutnoline—Sulphur Trioxide 7 lhal isoQuinoline-sulphur trioxide ® 
ed with ice-cold sodium hydroxide solution (2-4 g. in 7 c.c,. of water) with 
It bath An immediate yellow colour was produced and the material soon 

ishing with cold alcohol removed the yellow impurity and the white 
wt of 1: 2-dihydro-l-hydroxy inoline-2-sulphonie acid (3-6 g.) was 

35-4; H, 4:4; Na d C,H,O,NSNa,,2H,0 require 

va, 15-0% Light absorption 2750, 3350 A (low e« 4:40, 3-58 

2500, 3000 A (log ¢ 3-22, 3-14 

f the Disodium Salt with Acid A sol » disodi salt (3-6 2.) in water 


de just acid to litmus with dilu rochloric acid an immediate white 


formed When washed with ice-wa 1 dried, this had m. p. 253-—256°, 
Imixture with freshly prepare: q li ilphur trioxide (Found ( 
3:3; N, 7:3, 6-8. Cale. for C,H N H, 3-4 N, 68%) Light 
dinae 2300, 2650, 2750, 3320 A (log ¢ 4: ; 3-72 nin, 2500, 2700, 2950 A 
13, 3-05 
2-Phes napht tlene-2’ : 4-dicarboxyli {cid 2-Phenylnaphthalen aldehyde ° 20 


um permanganate (2-0 g.) in acetone W)C W uxed for 9O min After 
temperature the manganese dioxide was fil “1 of uspended in water 
ilphur dioxide passed into the mixture rhe no ganese dioxide was replaced 
am-coloured needles (2-0 g., 89%), m. p. 258-268 fter shrinking at ca. 240 
phenyl-\-naphthoic acid, crystallized from 50 methanol, had m. p, 261-262” after 
, 43 
20, requires C, 74-0; H, 41%). Light absorption _ 2400, 2950 A (log & 4-38, 3-77), 
2800 A (log e 3-73 Che acid gave a yéllow colour inging to a dirty brown on warming, 


ing (Baumgarten and Olshausen reported m 267-—268° (Found C, 743: H 


entrated sulphuric acid; it was only slightly lul mecentrated nitric acid, and 


rave a yellow solution with evolution of br 
nylnaphthalene he above dicarboxylic acid (200 mg.), copper bronze (200 mg.), and 
quinoline > c.c.) were heated under reflux for 30 min After cooling, the mixture was diluted 
h ether and extracted with dilute hydrochloric acid (3 10 ec. The ether solution was 
hed with water and dried (Na,SO,) Che small amount of oil left on evaporation soon 
tallized. It separated from aqueous methanol Var is white plates, m. p. 100-101 


r and Zincke ” record m p. 101-5"), 


) 
2.-Benzofluorenone 1 : 2-Benzofluorenone-3-carboxylic acid (200 mg.) \ heated with 


ize (300 meg in quinoline (5 c. for : min Working up as in the 
<periment, but with alkali washing, ga 2 nzofluorenone, orange-red needle 
charcoal), m. p. 132 Jamberger an re 4 report m. p. 132-5") (Found 
Cale. for C,,H,,O: C, 88-6; H bsorption : > T00, 3725 A 
3300 A (log € 3-13) 


ir Robert Robinson, O.M t for encouragement and advice 
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260. Studies in Hydrogen-bond Formation. Part V.*  Complea 
forming Properties of Haters, and their Relation to the Adsorption 
Prope rlies of Cellulose Acetate and Other Polymers. 


KF. M. Arsuip, C. H. Gries, and S. K. Jan 


he complex-forming reactions of a variety of compounds containing the 
rrouping CO*CH,, in aqueous and non-aqueous solutions, have been inves 
ated by measurements of dielectric constant, refractive index, and 
frared absorption, Esters appear to act as monofunctional proton-donors 
Diacetates are normally bifunctional proton-donors, but when the two 
cetate groups are vicinal they interact, probably by chelation through a Ch -- - 
lrogen bond, and the compound is monofunctional N-Acetylglucos 
line appears to form bonds through the amino-group; its hydroxy-groups 
ilso active in non-aqueous solvents but not in water 

rhe results are considered to be significant in the interpretation of the 

ulsorption behaviour of cellulose acetate, chitin, and Terylene 
tigation is principally a study of the hydrogen-bonding reactivity of esters, 
th a view to determine the importance of this bonding in adsorption of solutes by 
cellulose acetate, and other polymeric esters; the technique has already been 
ed.4+* Various acetates and N-acetylglucosamine have been used as models of 
acetate and chitin, respectively, and dimethyl terephthalate and ethylene glycol 
models of polyethylene glycol terephthalate (Terylene). The results are 

1 and Figs. 1 and 2, and are discussed below 


IE. XPERIMENTAI 

neral method has already been described ; }* in this work the Bellingham and Stanley 

|) Pulfrich refractometer was mainly employed, though some tests were made wit! 

truments used for Part II. The solvents and reagents were commercial or 
prepared materials purified by standard methods 

been found that some systems give better results if the solutions are kept overnight 

rement, no doubt because the solutes have a low reaction or 


olution rate. 
| diacetate, prepared by mixing catechol and acetyl chloride in the cold, followed by 

ater, and recrystallisation from ethanol, formed needles, m. p. 63-5 

<ybenzanthrone was a sample of Duranol Brilliant Yellow 6G (I.C.I.) recrystallised 

en (This was used as a typical cellulose acetate dye.) 

1: 5-diol diacetat Pentamethylene glycol was refluxed with excess of acetic 
dry pyridine for 2 hi The mixture wi then washed successively with 
tic acid, and sodium carbonate solution The oily layer was extracted with 

distilled, and the distillate kept over sodium to ensure removal of all traces of 

ol; the ester had b p. 240°, f. p. 6 
cerol triacetate used in the Rhodamine B test was also allowed to remain over sodium 
if ianged alcohol 

liacetate was prepared by mixing quinol, acetic anhydride, and a few drops of 


id, in the cold rhe product which separated recrystallised from ethanol as plate 


arsons double-beam infrared spectrophotometer lium chloride prism) was use: 
tra Catechol diacetate and quinol diacetate were examined as 1-5% Ct 
im. cells) and ethylene glycol diacetate and pentane-1 : 5-diol diacetate both 
ions (0-8 mm. cells) and as pure liquids (0-025 mm Catechol diacetate and 
ier, but not the latte: 
at 1727 cm. here was no apparent difference between their CH 


how a carbonyl peak at 1776 cm.", while the for 


, 1956, 72, 559 n Pat I t line ip. 569, f | should read 


e, and Vallance / 1952, 3799 
Giles, McLure, Ogilvie, and Ko 
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symmetrical deformation bands at 1381cm."'; , symmetrical deformation band appears at 

1439 cm.~! in quinol diacetate, while in catechol diacetate tw aks appear at 1443 cm.' and 
1468cm.", The C~O stretching peak at 1190 cm."! ry | 1) in quinol diacetate is 

| new peaks at 1205 and 1175 cm.“ appear instead 

ignificant differences are apparent between the ( yds of ethylene glycol diacetate 

tane-l ; 5-diol diacetate; the centre of the bi | acetate band at 1070 cm, in 

‘+ is at 1050 em. in the latter, and that of th retching band at 1247 cm." in 

ufts to 1258 cm. in the latter 1 the olutions the CH, symmetrical deform- 

it 1381 cm.“' occurs in both spectra ut a band at 1403 cm."', probably also 

‘trical deformation (cf. ref. 18) whi irs in the spectrum of pentane-I ; 5-diol 


is not present in that of ethylene glycol d c This change is not apparent in 


the spectra of the pure liquids because the absorption » stro 


Disct [ON 


\ 


\-A cetylglucosamine (cf. Fig. 1).—-This appears t a monofunctional proton donot 
n water, probably through the acetyl group at the nitrogen atom or the carbon atom in the 


l Relation between refractive 

ndex as instrument reading 

ind nponent ratio in solution 
fem 


lop: a, Triethylamine; b, gly 
cerol triacetate »olvent, water 

Middk a, Ditsobutyl ketone 
b, ethylene glycol diacetate 
Solvent, dioxan 

Bottom : a, Ditsobutyl ketone; 
bh. pentane 1:5 ol diacetate ol 


vent, toluene 


40 60 
ar proportions (%) 


methyl residue, the hydroxy group being solvated a the molecule acting in the ring 
form; * hylene glycol solutions 1: 1 and omplexes are detected between thi 
mpound and alcohols or phenols, and in these ca iree of the hydroxyl groups must 
be reactive; the fourth is probably chelat: thu in (A) (p. 1276) Ihis type of 
late bond has been suggested by Darmon and Rudal is existing (together with free 
NH groups) in chitin, on the evidence of studi: th polarised infrared and X-radiation 
Reactivity of Esters.—lIt is clear from the resul hown in Table | that all the ester 
examined can interact with electron donors, ¢.g., azobenzene, pyridine, or triethylamine, 
both in non-polar solvents and in water. It seems likely that this takes place through a 
C-H-++O or -C-H--+N bridge facilitated by the enhanced lability of the carbon 
hydrogen bond adjacent to a carbonyl group. The act C-—H bond in some cases appears 
to be that attached a tothe O C=O group (e pou h e glycol dibenzoate t) and in other 
(=O group (e.g., in the acetates). ‘Ol <amples, compare, respectively, 


pare the inactivity of the hydroxy-groups the ring forms of the carbohydrates in water 
; 


<istence of three example 5 of this type o omplex iggested also by molecular weight 
Part I1,* Figs. 8, 9, 10 


ind Rudall, Discuss. Faraday Soc 
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LE | Results of complex-detection te 


olution 


lvent * concn, 
etone 2 
\zobenzene l 
Acetol ] 
Dioxan l 
Pyridine l 
Methanol 2 

; Napht ol 


Phenol 


rriethylamim 
Ouinol 

\cetome 

lrieth ylamine 
Acetone 

Pent. 

\zoben zene 
Ditsobutyl ketone 
Diethylamin 
Pyridine 
lriethylamine 
Acetone 
Diisobutyl ket 


lrieth ylamine 


Phenol 

Prieth ylamin¢ 

Acetone 

Ditsobutyl ketone 

lrieth ylamuine 

Phenol 

rriethylamimn 

Acetone 

A zobenzene 
1-Naphthol-5-sulphonic acid 


ee 


— a 


oxy-L-acid) 
} Nitrophe nol 


p-Nitrophenol sulphuric ester 


Acetone 


A zo benzene 
Prieth ylamine 
\ocetone 
Aniline 
Anisole 


Azobenzene 


t 


Ben zoquinone 
Dieth ylamine 
’ Nitrophenol 
Phenol 

lriethylamine 


A zobenzene 
Ditsobutyl ketone 
Dieth ylamine 


Dioxan 

2; 2’-Dipyridyl 

4-H ydroxyazobenzence-4’ 
sulphonic acid 

1-Naphthol-5-sulphonic acid 

’ Naphthe 1-6 ilphe nic acid 

Nitrophenol 

Nitropheny! sulphuric ester 


Pyridine 
ilphanil 
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PABLE 1. 


Mol. ratio ¢ 
of comple x, 
a ] { concn ’ a:l 


solutes 


l oxalate Acetone 
Phenol 
lriethylamine 
Diisobutyl ketone 
lriethylamine 
Anisole 
A zobenzene 
jen zoquinone 
3-Methoxybenzanthror 

Nitrophenol 


SS ee ee 
Sto = to 
2 ts 


Phenol 

\cetone 
Ditsobutyl keton: 
lriethylamine 


Acetone 
Azobenzen 
Ditsobutyl ketone 


B benzene; ( carbe i lioxar ethylene glycol 
m (b. p. 80-—100 tol \ 
lielectric constant; n retractive 
Vata in parentheses denote uncertain ind 
evidence of complex formation 


the greater ionisability of the hydrogen atom In th irboxyl group than that in the alco 
holic group and the activity of the methylene group in acetoacetic ester (see also Hughes *) 


rhe presence of labile hydrogen in some acetate confirmed by the Rhodamine B test ® 


which is positive with alcohol-free pentane-I : 5-diol diacetate and with glycerol triacetate 
(though it is negative with ethyl acetate). 
trichloroacetyl chloride~acetone compl letected probably originates in dipole 
interaction, at the C=O bond, strongly activat: by the trichloro group This is 
irst example of thi type of non-hydrogen-bonded compl x so far detected by the 
With bases in non-aqueous solution, trichloroacetyl chloride gives copiou 
‘ Lewis salts.”’ 
If the acetate group yt lonor, then weak chelation might 
acetate groups in | : 2-positions, | i 7-membered chelate ring 
be formulated. According lya vi compounds were 
it will be observed (Table 1, Fig. 1 it the compounds containing only 
nt acetyl groups, ¢.g., the diacetates of pentane-I: & | quinol, are 


but those in which the groups are attached in 1 : 2-positions, ¢.g., ethylene 


Physical constants of diacetat h leohols and phenol 


M iace M. p 
63-5 uinol 121 
106-—199 ; 
190/200 
216-—-217 (219 


215-—220 


1 


penta-act tylglucose, and vl r il in behave monofunctionall 
tent with interaction between thi rou] rhe values of the b. p.s o1 
recorded compound of thi VI | y i msistent with thi 
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than the corre- 
lj 


' 
( 


| : 2-compounds in each case having lower b. p.s or m. p 


pol , ones with the substituent groups more widely separated (cf. the values for di 


alcohols and nitro-compounds given in Part IV ® 
Certain differences in the infrared spectra of the two phenolic diacetates might be 
ible to dipole-dipole interaction between the C=O groups, but this appears doubtful 
interpretation is that some form of hydrogen bond is involved. There are 
pectra of the diacetates of ethylene glycol and of pentane-l : 5 


11 | 
TC TIKCLY 


between the 


appear to indicate some weak disturbance of the ~O- and CH, groups in the 


Relation between quare 
of vefractwe tmdex and 
component ratio in solutior 
f binary system 


a, N-Acetyl-p-glucos 
b, methanol. Solvent, 


tottom a, N-Acetyl-1 
cosamune ; b, methanol 


Ivent, ethylene glycol 


i i i i } 
40 60 80 100 

60 40 20 0 
Molar proportions (%) 


ol diacetate only, probably owing to hydroge n bonding; there is no evidence 
of the C=O bond If a chelate ring involving a hydrogen bond 1 
ent in ethylene glycol diacetate, it must be 7-membered, and of lov 
ve broken by phenol, which seems to give a 3: 1 complex with glycero 


turbance 


CH,OH 
/ 


H O:C-NH 
' 
CH, 
[his bond, it is suggested, may be formulated as in (B Thus the compound 
aS a monofunctional proton donor, one hydrog atom (marked *) being 


Details of the infrared spectra are given in the Experimental Section 


] 
obtained that any symmetrical ketone can act as an electron 

lated test with an unsymmetrical ketone, v1 2-acetylpyridine, suggest 

his compound might do so 

of Adsorption of Solutes | li {cetale, by C) t, and by Terylene 

elate.* ‘This material adsorbs many non-ionik 


from water (dispersion ot lution) or fror 
derivativ ire also adsorbed: water 


nds, ¢.g., phenol 
lvent some 
y ‘, azobenzene and certain 


ter group into ; ye molecule does not 


rate group 


, , 
introduction of the ulp) itone 


mn, but the introduction of highly ion. roul 
1 


it, pre umably because the attraction of t] i a Is too Weak 


ial acetate, which is about one-third | lar adsorption behaviour 
d triacetate 
1, Giles, and Ja 1956, 559 


Urquhart, /. Textile 1942, 33, T1105 
rhe Physical Chemistry ‘ 
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to overcome that of the water. It will be observed (Table 1) that ethyl acetate and glycerol 
triacetate form complexes in wate: wemat gia ter; and a sulphonic acid (oxy-L-acid 
gives an uncertain indication of combination with ethyl acetate rhe following specifi 
idsorption mechanisms for cellulose acetate have been suggested: (a) Hydrogen-bonding 
by acceptance of a proton at the carbonyl oxygen atom « 1c acetyl group; ** this does 
not, however, account for adsorption of proton-acceptor Proton-donation by the 
methyl residues of the acetyl groups.’ (c) Dipok pole interaction, not involving 
ydrogen, between the carbonyl group and the adsorbate molecule.4® (d) Non-polar 
van der Waals attraction.44 It seems very probable that adsorption of small solute 
molecules, e.g,, phenol, must be almost entirely due to polar forces, and recent work on 
llulose triacetate monolayers suggests that even the larger molecules may be adsorbed 
largely by polar force The present work seems to sh that the hydrogen-bonding 
mechanism (6) is more likely than mechanism (c) to account for polar attraction, It may 
in fact be responsible for adsorption even of proton-donors, ée.g., phenol, because examin 
ation of the hydrogen-bonding properties of a wide variety of compounds has revealed no 
conclusive evidence that a carbonyl group can form intermolecular hydrogen-bonds in 
water.® '% The —-C—-H - --- bond is weak, which is consistent with the general low affinity of 
lutes for cellulose acetate 
Moore and Russell 14 have used the dielectric-constant method 1 with binary solution: 
of some cellulose acetate solvents and of some dels of this polymer They detected 
complexes in hexane between benzyl acetate and chloroform or m-cresol, and (in dioxan) 
between cellobiose «a-octa-acetate and aniline or m-cresol, but not between benzy! 
acetate and acetone, dioxan, or pyridine (all in hes or between cellobiose octa-acetate 
ind acetone, chloroform, ethyl acetate, or pyridine (all in dioxan). In repetitions of som 
of these experiments by the present method (solvent sluene) it is confirmed that benzy! 
icetate appears not to form a complex with acetone loxan, Or p' ridiné 
(ii) CAttin. Chitin consists largely of poly-N-: vy] wei: amine, Sip: adsorption of 
olutes thereon might take place through h wen-bonding at the hydroxy- or 
the acetamido-groups. The behaviour of N-acetylglucosamine suggests that in water 
the hydroxy-groups of chitin are solvent-protected and adsorption takes place by bonding 
at the acetamido-group. In organic solvents both types of group may be reactive rhe 
results of adsorption experiments with chitin are not inconsistent with this deduction.’® '* 
(iii) Terylene. It appears that models of this polymer can act as proton-donors, and a 
polar mechanism of this nature may therefore be at least partly responsible for adsorption 
of non-ionic compounds by Terylene (cf. Allingham et al.®), though for aromatic solute 
non-polar attraction between aromatic nuclei in solu ubstrate must also operate 


(cf. refs. 11 and 17) 
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261. A Thermodynamic Study of Some lodine Solutions. 
By W. B. Jepson and J. S. Row Linson 

The partial pressure, partial molar volume, and solubility of iodine have 
been measured for solvents with which it forms molecular complexes. All 
three properties show clearly the effects of the formation of complexes. The 
partial molar volume at infinite dilution is greatly reduced by such association, 
the values at 25° varying from 67-9 ml. in cyclohexane to 48-3 ml. in ethyl 
ether Measurements of the partial pressure of solid iodine in the presence 
{ the solvent vapours show that small concentrations of complex-forming 
olvents reduce the iodine concentration in the gas phase It is suggested 
that this is due to the formation of a coherent surface phase Larger con 
centrations of vapour increase the iodine concentration owing to interaction 


in the gas phase between iodine and solvent 


Ink solubility of iodine in organic solvents and the colour of these solutions have long been 
ed tinguish between substances with which iodine forms molecular complexes and 
bstances to which it is inert. The solutions containing complexes are generally red o1 
wn and the normal solutions violet rhe solutions containing complexes show very 


trong and broad absorption bands in the near-ultraviolet region, which are now generally 
interpreted as charge-transfer spectra in a binary complex in which the iodine acts as an 
| 


electron acceptor and the solvent as the donor.’ Aromatic compounds, ethers, alcohol 


ind amines have all been found to act as donor Very weak complexes have been reported 
etween iodine and saturated hydrocarbons,’ but the effects of these on the physical 
roperties of the solutions are probably negligible A study of the solubility of iodine in 
normal solvents was an important part of the work which led Hildebrand to formulate hi 
theory of “ regular solution He found that such solubilities were always less than 
leal | unount which depended on the energy of vaporisation per unit volume of the 


lvent.*. The solubilities in complex-forming solvents, though still less than ideal, wer 


reater than those calculated for a regular solution. However, thermodynamic propertic 
other than solubilities have been little studied, possibly on account of the difficulties of 
rking in conventional apparatus with material which reacts with both mercury and tap 
reasé In this paper we report some measurements of the partial pressures and partial 
ul lumes of iodine in solution and of the partial pressures of solid iodine in the 
resence of vapours of organic substances at total pressures less than the saturation pressure 
irtial pressures were measured in a sealed all-glass apparatus by using radio-iodine 

{ etermine the iodine concentration in the vapour phase Che solvents used were cyclo 


eXa wnzene, fluorobenzene, chlorobenzene, bromobenzene, mesitylene, pyridine, ethy] 
thyl iodide, and diethylether. All but cyclohexane showed evidence of molecular 


I XPERIMENTAI 
Puy ition of Material lodine Analak was used without further purification, except 
for the cde ity measurements for which it was finely powdered and stored over phosphor 
| wtive iodine, “I, was obtained from the Radiochemical Centre Amersham, 1} 
Pn batches as a carrier-free solution of sodium iodide Phi olution was brought t 
i ith an ethereal solution of normal iodine by 24 hour haking The ether wa 
| by evaporation in a current of dry air, and the iodine separated from involatile 
iterial by vacuum-distillation in a short-path still, The final activity was about 0-25 m 
llexane (from Messrs. Howard vas freed from aromatic substances by shaking it with 
t mixture, then washed with alkali and with water, dried, and fractionally distilled 


C) kK 1054, 64, 713 
art. Rev., 1954, 8, 437 
/. Chem, Ph 1955, 238, 1424 
land Scott 1} olubilin { Non-Ele 
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Benzene Analak ’’) was fractionally crystallised three times and dried 

luorobenzene, chlorobenzene, and bromobenzene (from British Drug Houses Ltd.) were 
dried and fractionally distilled. 

Mesitylene (from Genatosan Ltd.) was converted into the sulphonic acid, and the crystals 
were washed with 70% sulphuric acid. The mesitylene was regenerated by refluxing the acid 


with 15% hydrochloric acid, followed by steam-distillation. It was then dried and fractionally 
distilled, 


Pyridi Analak ’’) was dried and fractionally distilled from Anhydrone 
kthyl bromide (from British Drug Houses Ltd vas washed with concentrated sulphuric 
icid to re ve alcohol, with sodium hydrogen carbonate solution, and with water It was dried 


and fractionally distilled. 
i: thy! iodide (from Messrs. Whitten) was purified in small batches immediately before use by 


listillation through a column packed with copper turnings to remove hydrogen iodide, then 
dried and fractionally distilled 

Ethyl ether Analak ’’) was dried and fractionally distilled 

Partial Pressure of lodine.—The relative concentration of radio-iodine in the vapour phase 
ibove lution of known total iodine concentration was determined by means of a Geiger 
counter outside, but adjacent to, the glass apparatus. This concentration was compared with 
that of the vapour from a sample of pure solid iodine prepared from the same batch of radioactive 
materia [he vapour pressure of solid iodine has been measured directly by Gillespie and 
lrazer.® The apparatus, shown schematically in Fig. | sisted of a closed circuit of 8 mm 


lass tubing connecting the bulb A containing the iodine solution, a horizontal tube B which 


enclosed a glass stirrer that was moved magnetically, and an annular vessel C which surrounded 
the Geiger counter D Ihe glass circuit was immersed in two thermostats 7, and 7,, the 


2 
temperature of the former being about 3° higher than that of the latter Ihe parts of the 
circuit outside the thermostats were heated electrically to a temperature about 10° above that 
of T, \ weighed amount of iodine was placed in A and the apparatus evacuated, A weighed 


amount of solvent was then distilled on to the iodine through one of the side-arms near A, and 
the apparatus sealed rhe stirrer in B caused a rapid mixing of the vapour phase (as shown 
by its colour) and caused sufficient vibration to keep the liquid in A well-mixed, A small 
correction was applied to the calculated liquid composition to correct for the amounts of solvent 
and solute which passed into the vapour. The counter and the annular vessel C were shielded 
by 1—2 inches of lead (not shown) from cosmic rays and from direct radiation from the iodine 
in A Usually over 90% of the observed count-rate was due to vapour in ¢ Once equilibrium 
had been reached (usually after about 5 hr.) the count-rate was independent of whether or not 
the vapour was being stirred 


4 similar apparatus was used to measure the amount of iodine in the vapour when solid 
iodine wv in contact with the unsaturated vapour f the solvents, but here the solid iodine 
Va tube heated to a constant temperature in a vapour-jacket Che original intention was 
to cover a wider temperature range than could be covered by a liquid thermostat 

Densit f lodine Solution These were measure nder the same conditions and tin the 
ime pyl meter as the densities measured by Thacke 1 Rowlinson,‘ 

al Measurements were made by samy} turated solution, through a sintered 
lass plate ith a small pipette The whole assem)! ing the pipette, was kept for 8 hi 
n a thern tat, the temperature of which was m«¢ f i thermometer calibrated by the 
N.P.] \ ‘ tions were saturated at a temperature al t 10° higher than this before being 
laced j the thermostat [he solution in the pipette e) ed, washed out with carbon 
tetrachloride, and titrated in triplicate with standard t phate The method is similar to 
hat of Hildebrand and Jenks.? The apparatu n fied for those solutions in ether whose 
tal ipour pressure exceeded atmospheric by usi ‘ ited and sealed saturator anc 
Ipette 
Estimation of ‘ em ps ridine solution wa i t tion with thiosulph ite was not 
possible because f the unfavourable pH, while tits t diium arsenite gave, at the 
pposed ¢ point, a yellow pyridine layer whi t loured by excess of arsenite 
tt | eT tained iodine wa hown by a iit lor the exce of iodine could ther 
we extracted by carbon tetrachloride In view of the reaction of iodine with pyridine 
ind jraz / timer. Chen 1026, 58 { 
und | wlit lran bFarada 1954, 50 
in Jenk J. Amer. Chem 1920, 42 
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t hemical method was abandoned and the iodine concentration determined, in freshly mad 
olutions, by using radio-iodine as a tracer 

Ihe solubility of iodine in iodobenzene could not be measured, as the mixture apparently 
reacted chemically, depositing lemon-yellow « rystals 

lhe reproducibility of the solubilities was better than 1°%,, but for pyridine solutions there 
must be some doubt as to the chemical state of the dissolved iodine. 

Heat of Dilution,—Only in one solvent, ethyl iodide, was the solubility at 25° great enough 


for etermination of the heat of dilution. This was measured in a calorimeter similar to that 
of Thacker and Rowlinson * except that their U-tube containing mercury was replaced by two 
coaxial tubes, the inner of which contained the solution and the outer the solvent. The inner 
tube ealed by a microscope cover-slide held in place by a trace of Silicone grease until the 


mixing took place, by inverting the calorimeter, the cover-slide being then broken by a gla 
bead in the inner tube 
KESULTS 
Partial-pressure Measurements..-The solvents used in these measurements were cy 
hexane, benzene, fluorobenzene, and mesitylene at 55-3°, and diethyl ether at 35-0°, 45-0°, and 
55-3 i-thyl iodide was not used because of the possibility of exchange with the radio-iodine 
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| results are shown in Figs. 2 and 3 Che function (y, Vg ) 18 the ratio of the mole fraction of 
jodine in the vapour phase to the mole fraction in a vapour mixture containing the same con 
centration as the vapour from pure solid iodine rhis function is plotted against *,, the mole 
fraction of the iodine in the liquid phase In every solution the highest value of *, is that 
responding to saturation, These measurements were made on solutions containing excess of 
olid ime 
Che amount of iodine in the vapour phase when solid iodine is in equilibrium with unsaturated 
ypours | hown in Figs. 4 and 5 for air and for the vapours of cyclohexane, benzene, fluoro 
enzene, pyridine, and ether at 56 rhe function (y,/y,°) is here plotted against the pressur« 
f the lded vapours, which are assumed to be perfect 
dD ty Measurements Fig. 6 shows V,’ the apparent molar lume of iodine in liqu 
ti t 25°, defined by 


Vs (v — v,)/m, : I 
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olume of a solution containing m, moles of solven ln, oO u ind 


ad t 
i 


f <j 
moles of pure solvent At infinite dilution, and ; her concentrations if V, 
‘ 


f concentration, the apparent molar \‘ 


ylume | me as the partial mol 
iracy of V,’ increa vith the concentration aries inversely with t 

wlvent I values obtained agree moderately well with th 
ity measureme! it higher dilutions by Dawson * and Fairbrother.” 
ement j esu ire - it in Table 1 


in 


vith previo 


as a function of lemper- 
olvents ave numbered as in 
denote measurement 

and triangles the measure 
others * Th 
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1000/7 
3-4 36 
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S100} 


Solubility of iodine in moles/100 moles of solution 
Ooo 4-96 
0-91 

4°7! 

17 


-1y 


41 
14-0 


Che apparent and partial molar heats of dilution « f iodine in ethyl iodide 
The calculation of the partial heat from the apparent heat followed the 
ylor and Rowlinson," 


DISCUSSION 


obvious feature of Figs. 2 and 3 is that the values of (¥,/y,°) are greater thar 


aturation point That is, the concentration of 1odine in 
1910, 97, 1041 
/., 1948, 10561 
linson, J vay Favada 


the vapour above 
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ure solid iodine Such an increase in 


these solutions is greater than that in the vapour of | 
concentration is most naturally interpreted as a consequence of the departure of the vapour 
mixture from the perfect-gas laws. 
be neglected owing to the low total pressure Similar 
ilthough generally at higher total pressures, for many 
ontact with a slightly volatile solid or liquid.4* It has 
v,") may be expressed by a series of which the 


(The departure of the vapour of pure solid iodine may 
increases have been observed 
other systems in which a gas is in 
been shown that the logarithm of 
the ratio (4% first two terms are 4 

» 


In (Vo/¥- In ay h (I 2B ,)/R1 : ao. ee 
2/2 / 2 j 12 


where a, is the activity of the solute in the condensed phase (solid or solution) with respect 
to the pure solid in the absence of the first component; V, is the molar volume of the 
olute in the condensed phase, and By is the second virial coefheient for the interaction 
in the gas phase between component | and component 2. This coefficient must be large 
ind negative for the interaction of iodine with solvent molecules and is undoubtedly the 


The virial coefficient for the 
teraction of todine and ethyl ether 
from the vesults of Briill and s , , ty g tine in ether 


term in this equation by virtue of which (y»/¥» ls unity above a saturated solution, 
for which a 1 at true equilibrium. The activity of iodine in the liquid phase may 


> 


therefore be calculated from this equation at all concentrations by correcting In (¥9/¥_°) by 
i constant amount, as f is virtually independent of the iodine concentration in the gas 
The values of B,, calculated from this equation for the iodine-ether interaction are shown 
n Fig. 9 [hese values indicate a considerable degree of interaction between the molecules 


Bun i 2800 ml./mole at 35°, compared with 1000 ml./mole for the ether-ether inter 


“713 
action at this temperature 
[he activities calculated in this way are shown r 10 as functions of x,. The 
urvature of these graphs is of the sign to be expecte 
the activity coefficient (referred to 
portional to the square of either the mole fraction 
| hese proportionaliti 


i regular solution, for which the 
activity in the ideal olution) is 
n Hildebrand’s formulation, the 
lume fraction of the solvent ul directly to 

(3) 


( 
In ay ty x 
(4) 


In ay 
and Scheffer, /. Amer. Chem c., 1952, 
lar, Discuss. Faraday wlinson, ibid., 


200) 
rts, Rowlinson, and Wilkinson, Ps 
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volume fraction e superscript i denotes ideal, the superscript s denote 
d the state of unit activity is the saturated solution. Fig. 10 shows that th 
e equations fits the experimental results more closely than the first. 

h md virial coefficient B,, can be measured by studying the amount of iodine in 
the is phase when solid iodine is in contact with the vapours of the solvents, provided 
that the activity of the solid iodine is not affected by the added vapour. If a, is independent 
of p, then In (¥_/¥_") [and therefore (¥y,/y_") at low p} will be a linear increasing function of 

Its recorded in Figs. 4 and 5 show that this isnot so, In every case a small amount 
vapour decreases the concentration of iodine in the gas phase rhis diminution 
table and reproducible, although the accuracy of (y,/y,°) was no better 
Phe addition of air in the range 100—600 mm. Hg caused a slight decrease of 
eycloHexane vapour caused a similar initial fall but (y,/y,") then increased and 
iter than unity for pressures greater than 200 mm If the curve is extrapolated it 
ough the value of (¥,/y,°) obtained from the saturated liquid solutions. The 
creased the iodine concentration at 56° by the following amount 
), and ethyl ether (18? ») The ¢ x trapolated curves pa 
value of (¥9/y¥_"), except for that of benzene—an exception for which we cannot 


fluorobenzene (4°%, 

t which is probably an experimental error. Pyridine was found to cause a 

reater decrease than ethyl ether Ihe addition of 5 mm. decreased the iodine 

ntration by 18%, and the addition of higher pressures caused a yellow solid to bi 

pitated throughout the apparatu Acetone, ethanol, and methyl acetate appeared 

ct, for the iodine concentration in the vapour, as measured by the count-rate, rose 

vith time and gave no signs of reaching a steady valu 

parent that ethyl ether and pyridine, which form strong complexes with iodine 

maller extent, benzene and fluorobenzene, interact with the solid in such a way 

its surface activity [his interaction could either be the formation of a new 

uch as mixed crystals, or the formation of a surface phase, such 
misorbed layer he first is probably the | kely as Hildebrand and Jenk 

it iodine prepared by crystallisation from benzene contained no appreciabl 

vent, and Harris, Ma k, and Blake '® showed that a powder photograph ol 

ured by very rapid evaporation of ether from a solution at low temperature 


as a tightly 


unusual feature Ihe second explanation appears more likely. The result 
ompared with those obtained by Wright and McGre O! 16 and by Brill and 
; rhe former used both static and flow methods, but the only quantitative 
ive 1s a fall in the iodine concentration of 3°/, on the addition of air at 
atmos] ic pressure his agrees well with our figure In their flow measurement 
they found that the organic vapours initially carried over more iodine than air but that the 
amount fell with time and eventually was less than that carried by air. Brill and 
KE llerbrock used a flow method and found increases in the amount of iodine carried over 
ults with ethyl ether a figure of By, has been calculated which is shown in 
ther of these sets of results is inconsistent with those reported here, for with 
chnique the problem becomes one of kinetics rather than of equilibrium measure 
umount carried over will depend on the relative rates of the formation of the 
of its removal by evaporation 
B,,) shown in Fig. 9 are therefore only minimum values. The actual 
greater if the surface phase persists in the saturated liquid solution. At 


pressures Braune and Strassman !* demonstrated a considerable increase in 


centration in the presence of carbon dioxide, a substance which is unlikely to form 
id orbed layer 


irtial molar volumes at infinite dilution (Fig. 6) show the effect of complex form 
learl [he solvents may be arranged in order of decreasing molar volume of 
is follow cyclohexane (67-9 ml.), fluorobenzene (65-0 ml chlorobenzene 


ind Blake, /. Amer. Ch 1928, 60, 1583 
egor, /., 1929, 1364 
ck, Z. 3 Chem., 1934, 216, 353 
Chem., 1929, 148, 225 
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64-0 mil.), 1: 4-dioxan (64-7 ml.), bromobenzene (63-6 ml.), benzene (63-0 ml), p-xylene 
62-2 ml.), mesitylene (62-0 ml.), pyridine (59-1 ml.), iodine (59 ml.), ethyl bromide (57°8 ml.), 
ethyl iodide (54-8 ml.), ethyl ether (48-3 ml.) The figure for iodine, as solvent, is that 
obtained by extrapolation * of the density of liquid iodine to 25°, and the figures for dioxan 
and xylene are from measurements by Fairbrother.!” he range covered by these volume 
is surprisingly high. It is clear that in solvents in which there is little or no complex 
formation the volume of the iodine is greater than in liquid iodine. There is evidence that 
liquid iodine itself is not a normal liquid held together only by van der Waals forces. It 
has an appreciable electrical conductivity which decreases with temperature ' and may 
be due to an electron-transfer equilibrium,* such as 
5? t I, 

Thus, if the volume in cyclohexane is taken as the normal volume, it follows that the 
formation of complexes is accompanied by a diminution of volume in every case, including 
that of liquid iodine itself. The position of iodine, as solvent, in this list explains Ham’ 
observation * that “it seems possible that the change of volume on complexing is negative 
even though the volume of mixing is positive.” He found the volume change for the 
formation of one mole of complex to be 1-5 ml. in benzene and 3:3 ml. in 
mesitylene, by observing the effect of pressure on the equilibrium constant, as measured 
pectroscopically. 

The solubilities at 25° (Table 1) show that the decrease in partial molar volume is 
roughly parallel to the increase in solubility Ihe solubility in ethyl ether and in ethyl 
iodide confirms the great ability of these solvents to form complexes. In ethyl iodide, 
where the solubility is greater than ideal, the formation of complexes has been confirmed 
pectroscopically by Keefer and Andrews,*! and in ethyl ether by Benesi and Hildebrand.™ 
The heat of solution at saturation (the so-called last heat of solution) may be calculated 
from the temperature coefficient of the solubility after applying a small correction for the 
variation of activity coefficient with concentration. The results for four of the solutions 
are compared in Table 2 with the heats of solution measured calorimetrically by Hartley 
and Skinner.™ The latter include a small but unknown heat of dilution, so the agreement 
is quite satisfactory 


Taste 2. Heat of solution, (1) from solubility and (2) measured directly,™ in kcal. /mole 
olvent (1 (2) lvent l 4 


loHexane 6:5 58 
7 ‘5 


25 
Chioroben zene 4-5 4 l 


, f i4 
5 hyl ether 1-4 


Hartley and Skinner have already pointed out the relation between the heat of solution 


and the complex-forming power of the solvent 

In conclusion, the measurements reported here on iodine solutions and on_ the 
equilibrium between solid iodine and organic vapours show that the formation of donor 
acceptor complexes affects many of the physical properties, and that any of these properties 
may be used to place solvents roughly in the order of complex-forming power, In 
increasing power, the best order is probably paraffins, halogenobenzenes, benzene, (toluene), 
xylenes, mesitylenc, ethyl bromide, ethyl ether and pyridine, ethyl iodide his order 
grees in the main with others based on spectroscopic measurements of the equilibrium 
constant of the association.! * #4 
One of us (W. B. J.) is indebted to the Department of Scientific and Industrial Kesearch for 
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262. Kinetics of the Depolymerisation of Trioxan in Aqueous 
leids, and the Acidic Properties of Aqueous Hydrogen Fluoride. 
R. P. Beitr, K, N. BascomBe, and J. C. McCousrey. 


irements have been made of the rate of depolymerisation of trioxan 

in concentrated aqueous solutions of hydrochloric, perchloric, sul 

ric, and hydrofluoric acids, together with the acidity functions (obtained 

from indicator measurements) of aqueous hydrofluoric acid up to 43 per cent. 

veight For all the catalyst solutions used the rate of depolymerisation 

e closly related to the acidity function of the solution than to its concen 

thus indicating that the transition state of the reaction does not 

a water molecule. Although hydrofluoric acid is a weak acid in 

lution, its acidity increases rapidly with concentration in the range 

M, and in the most concentrated solutions it simulates che behaviour of 

ong acid It is shown that this can be accounted for in terms of the 
ive formation of the species HF,~, H,F,~, and H,F, 


previously shown ! that the depolymerisation of paraldehyde in aqueous solutions 
ls is a first-order reaction whose velocity is closely related to the acidity function 
olution. The present paper reports a similar study of the depolymerisation 
related substance trioxan (trioxymethylene). This reaction has previously been 
rated by Skrabal, Stockmair, and Schreiner,? who used as catalyst only toluene-~ 
ulphonic acid at a single concentration, and also by Walker and Chadwick,* who studied 
i limited range of concentrations of phosphoric acid at 40 Paul * showed that Walker 
and Chadwick's results could be correlated with the acidity functions of the catalyst 
olutions, and the same author demonstrated a similar correlation for the rate of depoly 
merisation in mixtures of perchloric acid and perchlorates. However, the concentration 
range cove is small, and most of the kinetic results refer to 40°, while the acidity functions 
were measured at room temperature 


' 


rhe catalysts studied in the present investigation include aqueous hydrogen fluoride 
» to 5O per cent. by weight. In dilute aqueous solutions hydrofluoric acid is a weak acid, 


esence of the bifluoride ion does not cause any complications in the catalytic 
olutions.* On the other hand, anhydrous hydrogen fluoride is one of 
ly acidic media known, and it 1s therefore of interest to follow the chang: 


with change of concentration In addition to the kinetic measurement 
tions of aqueous hydrogen fluoride solutions have been measured by mean 


I.XPERIMENTAI 


cial sample of trioxan (Eastman Organic Chemicals) was used without further 
purification It gave no detectable free formaldehyde on dissolving in water, and when set 
aside overnight with 50 per cent. sulphuric acid produced more than 99%, of the theoretical 
quantity of formaldehyde, as estimated by the method described below The solutions of 
hydrochlor perchloric, and sulphuric acids were made from AnalaR "’ reagents, and were 


titrated odium hydroxide solution which had been standardised against constant-boiling 
cid olutions of hydrofluoric acid in the range 40-60 vere made by passing 
from a cylinder into the Analak acid All solutions containing 
id were kept in Polythene vessels. Acid concentrations are expressed throughout 
tre of solution, the percentage of hydrogen fluoride by weight being also given for 
f this acid 
etic experiments, 1-3 g. of trioxan were dissolved in 5 c. of the acid solutio 


ction was followed by estimating formaldehyde at intervals in 5 c.c. sampk 
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DISCUSSION 
inalogous reaction of paraldehyde,! 


the depolym« risation of trioxan show 
tween the reaction velocity and the acidity function of the catalyst solutio 
i by Fig. 2, in which log,)% is plotted against H, 
tween the results for hydrochloric, perchloric, and sulphuric acids, but o 
ults are well represented by the straight line drawn in the diagram, which 
2. The broken line’in Fig. 2 represents the result of plotting 
for the experiments with hydrochloric 

: other strong acid 


r 


here are small systemati 


log 19! 
acid. Similar curved plots are 
and it is clear that the reaction velocity follows the 
) much more closly than it does the acid concentration 

clusion to be drawn from this is that in the depolym: 


merisation of trioxan 
olution no water molecule is included in the 


transition state The sam 
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conclusion had been reached for the depolymerisation of paraldehyde, and there is the 
further parallel that both reactions can take place as uncatalysed, homogeneous, gas 
reactions,® as acid-catalysed, heterogeneou reactions, and also as acid-catalysed 
reactions in non-hydroxylic solvents.2. No water molecules are available under these 

iditions, and it is also interesting to note th xan can be depolymerised by passing 
Vapour over a sulphonic acid resin catalyst,'® and paraldehyde by shaking a toluene 


FiG 
—— 


Mydrochloric acid 


solution with an “ acidic ’’ alumina-silica cata logy between 
the depolymerisation reactions and the hydrolysi for which there is again a 


parallelism between reaction velocity and ; lity function.4* Although a water 
g step is believed to be 


molecule is of course ultimately involved, the rate-d rmining 
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hydrochloric acid solutions of concentrations about 0-05: In this range the main anionic 
pecies is HF,~, and we have [H*}{HF,~)/|HF), = {({H*]/F HF |}{ HE”) / HE) Fo )} 
+ (cf. Broene and de Vries™ whence H HF (3 x 10%) 0-055 
of concentration. Between « 5 and « 15 the acidity increases rapidly, 
15 it is equal to that of hydrochloric acid solutions between c/4 and ¢/3 
her concentration range the formation of H,F,~ and H,F,~ will lead to a rapid 
H*|, and the behaviour of the mo oncentrated solutions suggests that her 
entially a strong acid H . or H H,b, It is not profitable to 
more quantitative treatment in tl bsence of independent information about 
present in solution and their activity coefficient 
noteworthy that the acidity functions of concentrated phosphoric acid solutions 
oncentration dependence resembling that of hydrofluoric acid, and unlike the other 
16 =6[t seems likely that this also is duc the formation of complex anions of 
this time with the elimination of wat thus a typical ionisation scheme 
be nH,PO, = H, ,1P,03, , 1 (j I, H with consequences similar 


to those for hydrofluoric acid 


ire due to the Ministry of Educat Jorthern Ireland for a Senior Research 


rRY LABORATORY, OXFORI 


ind Weber, Helv. Chim. Acta, 1949, 82, 1513 


263. The Quadrival nt I luororhenates. 


¢ fluorides of rhenium involving t iadrivalen ‘ on have 


ined and characterised, and the 


mmunication! the preparatio i¢@ hitherto unknown potassium 
K,Rel, from the interaction of anhydrous potassium hydrogen fluoride 
1 
i 


ienate(tv) was described 


ive selection of fluororhenat: ! and some of their 
pert have been investigated how the olubilitu of these, 
of the tluoroplatinate Most of re aS unreactive towards water a 
ilt, but the apparently very so ( r and calcium salts decompose 
are evaporated to dryn pot ium fluororhenate, by using 

inge resin, a solution of fluoro cid has been prepared, but, unlike 


‘it cannot be isolated as a \ttempts to do this, even by careful 
nly resulted in decom with formation of the hydrated 
2H,O ~ Ik . f lu Lon, however, l 

’ ( ve titrated in the 


ed, to effect the 

ium fluororhenate quantitat ¢ fused with alkali carbonate 
hown b ( wards hydrochloric acid 1 
concentrated acid, and 

en comple tely evaporated 

ly been destroyed. Bx 

drochloric acid at 25° to 

on is attacked o lkali and hydrogen peroxide 


duced electro] t met: reduction to the 


1292 Peacock: The Quadrivalent Fluororhenates 


element is not surprising, since fluorine complexes of tervalent rhenium are probably 
unstable, a view which receives confirmation from the fact that rhenium tri-iodide * breaks 
down to rhenium metal when fused with potassium hydrogen difluoride 
Crystallographically the fluororhenates resemble the complex fluorides of manganese 
platinum metals (Table 2). The alkali salts (except sodium) are trigonal 
fluororhenate resembles most other ammonium complex metal fluorides in 
i t-cell size comparable with that of the rubidium rather than the potassium 
alt Harium fluororhenate is isomorphous with the corresponding fluoro-osmate and 


fluoroiridate 
ible experimental data indicate that sodium fluororhenate, unlike the corr 
fluoroplatinate, could be indexed on a pseudo-cubic tetragonal cell, but mor 


i 


ence is required before its structure can be definitely settled 


PABLE | 
F luororhenates 
. Fluoroplatinate ; 
Olubility Solubility * * 
Very soluble hot and cold 20-49 
7.29 
- si 7°32 
Very soluble hot; soluble cold 0-750 
Oluble hot; slightly soluble cold 0-278 
‘ 0-484 
Wluble only when fresh| 
lightly soluble 


100 ml. of solution at 25 


tal structures of the fluororhenates 
Unit-cell zx 


luocrorhenat 
10-02; ¢, 10-14 


5° 86 r oo 


6 


6-01 fo 77 
OOO; fs 77 
a 6-32; Ce 
mbohedral . 4-02 


Orthorhombi 


Nyholm has very kindly made magnetic measurements on the potassium 

For potassium fluororhenate(Iv) pu 3°3, 16.M. and for barium fluoro 

$4, B.M., both at 20 rhe calculated spin-only value for the expected 
1S us 3°88 1.M 


lk. XPERIMENTAI 
Potassium drogen difluoride was prepared on AnalaR ’’ potassium 
Analale iydrofluoric acid (40%) in slight exce rubidium and casium 
imilarl fro t r carbonate Immediately before e the 
ari it 150 Ilmmonium todorhenale was obtained by 1! uction of recrystallise 
lium per-rhenate, NH,kKeO,, with hot Analak hydniodic acid (d 1-7) in the presence 


unmonium dice [he crude product was recry Lh from hot hydriodic acid 


1, 77-0 NH,), Kel, requires |, 77-4% 
lium, and ¢ ium Jluororhenat Lhe pota j ilt was prepared 
mium iodorhenate with potassium hydroge After 
colour of the Kk *~ jon had dis ) d ie ten ratu was gradually 
ie hydre 


ammonium salts had been 


! work 
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fluoride so that a solid cake remained. After cooling, thi as leached with cold water to 
remove most of the potassium iodide and fluoride, and the » potassium fluororhenate was 
» recrystallised from a little hot water (Found Re, 49-9 , 29-2 K,Rek, requires Re, 
Fk, 30-1% Usually a small amount of an unidentified soluble brown material was 
formed during the fusion, but rapidly decomposed in t} water to hydrated rhenium dioxide 
ReO,2H,O, which was filtered off. Rubidium m fluovorhenates were similarly 
prepared by using the corresponding acid fluorid Ke, 30-1; F, 23-7. Rb, Rek, 
requires Re, 39-4 F, 24-2%. Found Re, 32:3; ve Cs,Rek, requires Re, 32-9; | 
20-1%, 

Barium, Hexamminonickel, and Hexamminocoball Fk luovorhenat lo hot aqueous 
potassium fluororhenate (1 g. in 50 ml.) was added excess of barium chloride solution. After 
filtering, an equal volume of absolute alcohol was added; barium fluororhenate soon separated 
rhe solid had to be immediately recrystallised from hot water, as on ageing the precipitate soon 
became almost completely insoluble (Found Ba, 31-7 12:0: F, 26-2 Jakek, require 
ja, 31-4; Re, 42-6; F, 260%). To a hot solution of potassium fluororhenate was added a 
trongly ammoniacal nickel sulphate solution. O tirris purple hexamminonickel fluoro 
vrhenate crystallised in needles and rhombohedral pla ound; Ni, 12-0. Ni(NH,),ReF, 
requires Ni, 12-7° 
olutions of potassium fluororhenate and hexamminocobaltic chloride (Found: Co, 10-0 
Co(NH,) 4}, kek ,|, requires Co, 10-4% 

I luovorhenic Acid.-Warm, dilute, potassium fluororhenate solution was poured through a 
column of Zeo-Carb 225, and the colourle oluti f H,Rek, collected at the lower end 
A n/100-solution of the acid had pH 2-6 at the glass electrode, and showed the ordinary charac 


Hexamminocobaltic fluoror! e was prepared by interaction of hot 


teristics of a strong acid when titrated with n/10-pot ium hydroxide, the equivalence point 
being at pH 7-—8 
immonium and Sodium Fluororhenate A sligl f ammonium carbonate solution 
added to fluororhenic acid solution; when the on was evaporated nearly to drynes 
ils of ammonium fluororhenate appeared {Found bf, 33-6 NH,), ReF, require 
F, 33-9% lor the sodium compound sod lrogen carbonate was used The 


very soluble crude salt, which sometimes appeared bluish it f vy was recrystallised 


from coid water (Found: Re, 52-0; F, 32-0. Na,Kel : 
ttempled Preparation of Silver and Calcium I lu nate ) oO e salts could 
be obtained by shaking freshly prepared silver or calcium cat in a hot fluororhenic acid 
olution and filtering off residual carbonate In neither ca " r, could the solid salts be 
obtained either by evaporating the solution to dryn ol uidition of a large excess of 
absolute alcohol 
Attempted Direct Preparation of Ammonium | vorhena Ammonium iodorhenate wa 
added to fused, carefully dried ammonium hydrogen difluoride, and the product dissolved in 
wate! Owing to its high solubility, ammonium fluororhe ild not be separated from the 
ammonium hydrogen difluoride, but the presence of 1 luororhenate ion wa hown by the 
addition of potassium carbonate, whjgh precipitated c1 | f potassium fluororhenate 
fnal he compounds were broken down by hea fusion mixture together with 
odium peroxide to ensure oxidation of the rl jury ptavalent state Khenium 
ermined, after removal of interfering eleme tron } rhenate fluorine as lead 


rick barium as sulphate; cobalt as the thiocyanate complex, and nickel : 


Kime comy I 


Johnson Matthey a t I ( henium, and to the 


a grant for material 


CIENCE, Lonpon, S.W.7 N mher 16th, 19 
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264. ILonization Constants of Heterocyclic Substances. Part L1.* 


Hydroxy-derwatives of Nitrogenous Six-membered Ring-compounds. 
By ApRIEN ALBERT and J]. N. PHILLu 


ic ionization constants are reported for 87 hydroxy(and 

aerivative of nitrogenous six-membered heterocyclic compounds, 

ignificance of the relative magnitudes of the values is discussed, and 
iseful generalizations are obtained 

he tautomeric equilibria between enol and amide in a- and y-hydroxy 

itives are shown greatly to favour the amide form, and in several cases 

atio has been calculated. The conclusions are sup} d by determin 


ition of some dipole moment 


rT trength of many heterocyclic bases and their amino-derivatives have been 
and discussed (Part 1), little is known about the acidic and basic strengths of 
derivatives \ number of such determinations are now reported (Tables 1] 


t] 
ned 


v values correspond to strong acids and weak bas For monofunctional 

ich as phenol and pyridine, “ proton lost ’’ corresponds to the acidic functio 

proton gained ” to the basic function but this simple correlation is not observed by 

tional substance rhe potentiometric method was used because of it 

ce, but the more laborious spectrometric method w adopted in cases whert 

olubility was too low (10-M is usually the lower limit of accuracy for potentiometri 

the constant was extreme (é.z., potentiometry loses In accuracy when the pk 

he logarithm of the dilution), or (c) the substance was too hygroscopic, Thu 

ire presented at various dilutions, the effect of which on the p& of a ids can bi 
itely calculated from the equation 


pk, (thermodynamic) ‘q (as determined OS+/1 


the ionic strength at half-neutralization hus an acid titrated at the following 
molarit hould have the quantity in parentheses added to the pK, values recorded her 
0-05m (0-08); 0-02M (0-05); 0-O1m (0-03); 0-002m (0-02); 0-0005m (0-01). For bases, these 
quantiti¢ hould be subtracted 
Certain of the basic constants in Table 1 turn out to be lower than had been supposed 
ure, so that ultraviolet spectra, measured at pH 2 in the belief that they wer 
cation, turn out to be those of the neutral molecule (e.g., Nos. 2, , 16 


ypyridines.—(a) The pK,’ values (representing protons gained). A preliminary 
of the electronic effects of methoxyl and hydroxy] groups in a simple aromati 
desirable to clarify the more complex situations found in the pyridine seri 
in turn, a model] for the remaining series in Tables 1 and 4 Che pK’s of aniline 
and p-methoxyaniline are * respectively 4:58, 4-49, 4:20 and 5:29. In m 
iniline, only the inductive effect (—/) is possible, and it is base-weakening. Th 
er how the opposed influences of the and the (base-strengthening 
effect (4-M) rhe pk’'s of o-, p-hydrox. ine are * respectively 4°72 
o0) Comparison ol j L-( Vi V hat the inductive effect of 
eth | and hydroxyl is identical and this has 1 demonstrated also with acids, « 
1-09 and 4-08 respectively for m-methoxy- and m-hydroxy-benzoic acid. Inspection of 
for the o- and p-1somers re veals that tl M ettects of methoxyl and hyd: 
that of hydroxy cing somewhat greatet 
pyridine (No, 8) ubject only toa (—/ 
than pyridine, « een to be the ca 


reyvaraucs 
ry. Chen 
1932, 64, 3469 
fa, 1928, 1], 7 
1934, 25, 151 


1946, 68, 2181 
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LABLI lomization of substances having on me helero-atom (in water at 20 ). 


Protons lost Protons gained 
A , —, Analytical 


Spread * Con Spread * Concn.* wavelength 
ibstanc ph, ) M pk M () 
ydroxy 11-62¢ 0-00! 206 
ydroxy 8-724 05 
ydroxy 11-094 3°27 2 O05 
i 650 ‘ . 0-05 
4-Dibydroxy 113 
46° 
4: 6-Trihydroxy < 90 
| 13 
2-Methoxy O-ol 
}-~-Methoxy d ) o-oo? 
4-Methoxy 2 0-02 
3-H ydroxypyridine : 0-02 
methochloride 
1-Methyl-2-pyridone 
1-Methyl-4-pyridone 
it ine 
2-Hydroxy 
3-H ydroxy j 0-03 0-005 ; j Ooos 
4-liydroxy 2 0-03 Oo] ) Oo? 
Hydroxy f 0-02 00-0025 ) } 00-0025 
6-Hydroxy ' OOo! 0-005 r O-O0O5 
O-ol 0-0025 ) : O-0025 


Oooo! 
oy 
Oooo? 


Oo? 0-005 : : 00-0005 254 


7-Hydroxy 
8-Hydroxy 
2: 4-Dihydroxy 5-86 0-02 0-0001 7 0-0000:! 
2-Methoxy ‘ 0-00] 
4 Methoxy 
1-Methyl-2-quinolone 
1-Methyl-4-quinolone 
Ouinoline 

1-H ydroxy 
1-Methoxy , OOOO! 


2-Methylesoquinolone 0-000) 
ridine 06-0002 


0-0002 


o-oo? 
0-002 


0-00002 { 2 0-00002 

32 Hydroxy (acridone 000002 
33 5-Methoxy 
34 Phenanthridine ’ 0-0001 S15 
(383 (pK,) 
(318 (pK,’) 
, 331 (pK, 
” (333 (pK,’) 
000001 336, 322, 

207 


0-04 0-00002 345 


35 2-tivdroxy 0-00005 : 0-00005 


6-Hydroxy 8°45 0-00005 00-0000 


9-Hydroxy (phenan 
ridone) 
0 Methoxy 


Albert and Hampton, /., 1954, 505. * Cf. 86 , J. Amer. Chem. Soc., 1949, 71, 67 (no 
sil 8 OO 0-08, Metzler and Snell, tbid., 1955, 77, 242 ectrometrik * Unstable (oxidiz 

only approximate; no basic properties ¢ ! No other pK below 12-5. ¢ 5- and 

yquinoline methiodide, titrated with alkali, giv J and 5°56 respectively (Dr. S. F. Mason, 

d work ‘Very weak acid, insol, in N-sodium or -potassium hydroxide. * Hydrolyse 

exact determination. * These re ire g mly for new determinations, ‘ From 

25°), thermodynamic, Herington, Discu avaday Soe., 1960, 9, 26. 4 Cf. 1°28, 

wn, |. Amer. Chem. Soc., 1962, 74, 2538 (fr ne measurement only); 1-23, Stiller 

und Stevens, ibid., 1939, 61, 1237; both aut | potentiometry which is unsuitabl 

t value The value 5-03 (25 for ‘' a-hydrox yridine Hall and § prinkle, thid., 

3469) must refer to 2-ethyl-3-hydroxypyridin« "Cy s, Stiller ef al. (ref. 7); 5-10 0-16 

r and Snell (ref. b ' Cf. 5-5, Veley, /., 1908, 93, 2138 (methyl-orange method ” Cf. 2-34 

11-06), Tucker and Irvin, J. Amer. Chem. § 1951, 73, 1923 (potentiometric, 30°), * Krom 

and Irvin (ret. m), corrected from 30° to 20 * An entr this column signifies that the 

lation was spectrometric (otherwise potentiometi 

ydroxypyridine (No. 3) gives the same pK on addir cid as does 3-methoxypyridine 

here there is a complicating factor. The addition of alkali to 3-hydroxypyridine 

| sa pK of 4-96, simi o th btained by adding acid to No. 3, 
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itthough it arise 
186 in Bh 


by the loss of a proton from the 3 hydroxy group of No 10 
droxypyridine must corre pond to two distinct proce 


ubstance must be present in aqueous solution both as thy 


dipolar ion (II). Metzler and Snell ® recently usion from spectro 
ic evidencs 3-hydroxy line has two peal above n that at 313 uw agree 
le peak of the methochloride, the other (at 277 py) es with that of 3-methoxy 

Ihis enabled them to estimate that approximately equal amounts of the for 

[1) are present in neutral aqueous solution. The addition of a little alcohol caus: 

of the dipolar form (313 y) to vanish.® Also the dipole moment of 3-hydroxy 
benzene and dioxan (Table 3) shows that the neutral molecule is the principal 

h solvents, because the dipol 


hus the 
es (a) and (b 


neutral molecule (1 
reached t} 


moment of ({1) would be of the order of 16 p 


(1) (1) 


high proportion of the dipolar ion in aqueou 
itual inductive effect of the two group the cation strengthens the acid group, 
inion strengthens the basic group [his effect should therefore fall off with 
d be quite small in such substances as 6-hydroxyquinoline (No. 18), where 5-17 

as the basic, and 8-88 as the acidic value 

led of the basic constant of (1) (1.e 
tant of (IL1) {1.2., lo: 
roughly equal amount 
calculated ® to be 5-2 


olutions of 3-I' droxypyridine Is due 


But in 3-hydroxypyridine, 4-86 
, addition of proton to nitrogen) and the 
of proton to give the oxygen-anion (11) In the present 
of (I) and (II) are present, these constants are equal, 
(a ten-fold decrease in the amount of dipolar ion would 
observed constant and the true basic constant, a 

rhe observed pK, of 8-72 for 3-hydroxypyridine is similarly compounded of 
ints, each of which is 8-42, Thus 3-hydroxypyridine is intermediate between 
cid * (which is about 95°, dipolar in neutral solution ®) and ~-aminobenzoic acid 
sroups hardly interact). An logy from aliphatic chemistry is provided | 
where two constants are shared almost equally by the 


defined here, practi ally 


mercapto- and the 
nh group 7 


and 4-derivatives of pyridine, because of tautomeric po ibilities, present a mor 
picture which was clarified by preliminary study of the O- and the N-meth 
In 2- and 4-methoxypyridine (Nos. 7 and 9), the 


inductive effect of the 
modified by a mesomeric effect. In the 


uch as (LV) and (\ iN 


neutral molecule, resonance 
\ 


Me) should be slight because both the oxygen and 
en in the latter bear charges in opposition to the natural order of electr: 
On the other hand, the cations (\ 1) and (VII) are capable of a moderat 
resonance, a base-strengthening effect which 
efiect more successfully in the 4- than in the 
thyl derivatives 


overcome the base-weaken! 


vative, as would be expected 

s of 2- and 4-hydroxypyridine (Nos. 11] 

tribution of electrons from their O-methyl iso1 
is similar for O 


and 12) have a ve 

ner Admittedly the reso 

, the pair (X) <+ (XI), differ 

yl) and 4°77 (nitrogen), evidence of less interaction than in 3 

tive effect. Here, as in other « is in this paper, the sin 
that the d f hydration é me order of magni 


and N-derivatives [t.¢ 


ogres " 
, 19556, 77, 2431 


ind Neilands, tbid., p. 3389 
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the pair (V1) <<» (VII) only by substitution of n | for hydrogen}. On the other hand, 

the resonance of the neutral form, t.¢., between (VII1) and (LX), must be much greater in 

the N-methyl derivatives because the oxygen and the nitrogen atoms bear charges in 

accordance with their relative positions in the electronegativity scale [contrast (VIII) with 

\ Dipole-moment measurements confirm that the neutral molecules of the N-methy| 
ers are more highly polar than those of the O-methyl isomers (Table 3) 


° 


Molecule ati Molecule Cation 
oH, 
co 


i 
NH, 


(xm) 


Accordingly it is not surprising to find that the N-methyl derivatives are much weaker 
bases than their O-methyl isomers Of these N-methyl derivative the «a-isomer (No, 11) 
is weaker than the y-isomer (No. 12) because the close approach of the groups in No. II 
increases the ion—dipole interaction whereby the positively charged nitrogen atom hinder 
approach of a proton to the oxygen atom. It is not a steric eflect because 2-fert,-butyl 
pyridine is not appreciably weaker than 2-methylpyridine.® 

2- and 4-Hydroxypyridine can now be discussed. Table | shows that their affinity for 
protons is similar to that of their N-methyl (and far below that of their O-methyl) deriv 
ative rhus the enolic tautomer, such as (1\ H), must play an exceedingly small 
part in the equilibrium state of these substances, whereas the strong resonance between the 
dipolar ion and the amide (VIII and IX; R redominate (The argument has been 
simplified by omitting minor contributions to resonance hybrids, especially forms with a 
charge upon carbon, which, although significant for pyridine itself, should become less so 
when two polarizable atoms are present.) These two hydroxypyridines may be compared 
with acetamide where the low * pK, (—0-5) is a consequence of resonance ! (21 keal./mole) 
between (XII) and (XIII). In effect, «-hydroxypyridine is a cyclic amide, and 4-hydroxy 
pyridine is a vinylogous 14 amide. 

Results in Table | permit calculation ! of the ratio of amide to enol tautomers [1.¢., the 
ratio of the hybrid (VIII) << (1X) to (IV) (R H in all cases)] in the hydroxy-derivative 
it equilibrium in aqueous solution, by using the equation 


log R pKom 


- is the ratio of amide to enol tautomers, and ; pKoy are the observed 

or the addition of a proton to correspondin xy ivdrox' compound 
x1 assumes that the intrinsic basic co i say, | Ix H) would differ 
it of (IV; R Me) (that this is a reasonable assumption may be gauged by 
ilues of the methoxy- and hydro anuiliy above) [he results are 
s resonance hybrid and the nt of enol lz LIV, where Kk H 

im is discussed below KY} dine I 
1 dipolar ions, ¢.g., (11), i t 


timer. Chem ., 1955 


, 1951 
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lable 2 and show a wide range of value Although a vanishingly small amount 
ic form is present in 5-hydroxyacridine, chlorination (to 5-chloroacridine) by 


oxychloride occurs no less readily than with 2-hydroxypyridine, doubtl 


Approximate ratio of amide to enol tautom i.e., of the hybrid 
) to (1V) (R H in all cases)\ in neutral aqueous solution at 20°. 
340 fydroxyquinolir 3000 
PAW) 24,000 4 
1h .000 


Cf. 12,900 1meyr 


enolic form produced as proportion of enol 


ired by a low dielectric istant may conceivably 


mmethane rodaue niy 2-methoxyp riding ror d hydroxypyridi: 
the main product from 4-hydroxypyridine. 
<ypyridine are highly dipolar resonance hybrids i 
measurement It is clear from Table 3 that these substance 
polar than their O-methyl derivative Unfortunately, no fine 
practicable because of the sensitivity of moments to slight change 
y angles and (for the 2-derivative freedom of rotation 


Dipole moments (u; in D) of pyridine derivatives in benzene at 25 
ibstance < 4 


ridine q 


O-Methyl deri 


l 
; I 
Methyl derivative 4 


5-3 
3-00 
6-9 
xan 6 2-95 in dioxan * Too insoluble 


t determination, the figure being calculated f 


xan (6°30 
/ imerv. Chew ) 1952, 74 1584 

The pk, values (representing protons lost) ws that 2- and 4-hydroxy- 

ure much weaker acids than the 3-isomer [this i mpler approach than that of 

ing attention solely on the dipolar ion (VIII 4 H) by referring to, say, 
pyridine as an acid of pK 0-75, comparable in strength with mineral acids 

of these acids is understandable by analogy with acetamide ™ (pK 15-1) 

i strong resonance between the neutral forms (XII) and (XIII) resulting in great 
ikening rhus 4-hydroxypyridine is weakened as an acid by the high resonance 

ration of the neutral forms, (VII] and IX; R H), which was discussed above 

suse very little enol (IV: R H) is present in the neutral molecule, these constant 
ionization of the hybrid (VIII) <«» (1X) (R H). However 


quation enables a value (pK x) to be calculated ® for the ionization of an enol 


pK, pK, — log (R 1) 


alue as determined and R is the ratio of tautomers from Table 2 Phi 
for 2- and 4-hydroxypyridine of 9-09 and 7:74 respectively 
e 3-1isomer (or, more correctly, 8-42, corrected for 50 


, to be compared 
dipolar ion by the 
ition These may be compared with the values for phenol }® and it 
p-nitro-derivatives,'® respectively 9-98, 7:25, 8°28, and 7-21; all nitropher 

inductive effect (—J/) of the nitro-group } 0 ! isomers also show a 
flect (—M), both of which are l-streng ning, and the o-isomer also ha 

ct which is acid-weakening. Qualitatively the influence eem to be 

hydroxypyridine enols, and, on the evidence 3-hydroxypyridine, the 


erfield’s ‘' Heterocyclic Com 
26, 1311 


on, |. Ame 
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un harg d ring-nitrogen atom 1 q iantitatively sumilar to that of a 
It is now possibl t 
The pK, and 
N-methy! det 


; to the remaining 
t-hydroxyquinoline 
{ the corresponding 

noline appear to b 
juinoline No. 19 
8-Hydroxyquinol 


@) 
ne i 
iH ia 3NH S 
\ a . 
Oo ” @ "oS 
H 


H 


(xymI) (xym) 


e, the bonding of the itom between oxygen and 


making it less mobile 


ition of a- and y-hydroxypyridine, « 


ing in aqueous solution mainly as 
han as enols, can be applied not only to the quinolin ee above) but also 
nitrogen systems) to the 1 quin i¢, ph inthridine, and acridine seri 

4 shows that it can also bi i] to the | yridazine, pyrimidine, and 
to the cinnoline, phthalazine 
juinoxaline, and naphthyridine seri no! WO-l 
ore complex series. 2-Hydroxypyrimid 7) is an unusual example of 
group's not depressing the basic 


tructure of the cation of th 


trengthening resonance (X V1) <<» (XVII) 
That «- and y-h 


(among two-nitrogen monocycl 


itrogen bicyclic systems), 


ubstance, because the 
an unusual basi 


) lroxy-compounds exist main] le form in the solid state ha 
been established by X-ray crystallography f pyridine,'? 2: 4-dihydroxy 
rimidine 18 and 2: 4: 6-trihydroxy-l : 3 : 5-triazir id by infrared spectrometry for 
ind 4-hydroxypyrimidine ; #° im aqueous solution by iolet spectrometric comparison 

1d N-methyl derivatives for 2- and 4-hyd: yridine,*! 2-hydroxyquinoline,** 
lroxyacridine,™ 2- and 4-hydroxypyrimidine * | their C-alkyl-derivatives,™ 

dihydroxypyrimidine,™ 4-hydroxyquinazolin 
ut not ade juately, 


| 4-hydroxycinnoline *® (also 
for 4-hydroxyquinoline, l-hyd: isoquinoline, 3-hydroxypyridazine 
and 2-hydroxypyrazine **). None of these methods can detect ever 
minor constituent and hence cannot fur 1 ratios presented 
however, their confirmation that the amide 


general, not desirable to extend to1 


3-hydroxycinnoline 


welcome 


ore nitrogen atom: 
ulations of amide: enol ratios used for the one rogen 1 it cannot be 
with any certainty that the same nitr nated ir of compound 
ted. However in such cases a lin WV nly one of the 

in take part in the tautomer e caleulati ised with some 


yridines and -quin 


proton 


1953, 111 
CAW feta 


1300 


Albert and Phillips 


lonization Constants 


pH than their monohydroxy-analogue ti 1e to action of on 

group a 

An acid-strengthening resonance, involving (XVI and a similar anion with 
: other oxygen atom, is also possible but it ma a minor contribution 


ymmetrically equivalent structures are not involved here is no acid 


ino mal aromatic phenol whil i ther 1 igaged in the amide 


in the monoanion of 2:4 dihydroxypyrimidiy oth hydroxyl group 
Ionization of substances having two hetero-a 


water at 20° 
Protons lost 


0 UOUZ 


0-00005 


lrihydroxy 

inturic acid) 
droxy 
Te 


02 
03 
O5 


03 


0005 
this 


OOO] 


OOOZ 


OUD: 


OO0O2 


OOO? 


O35 


OOS 


OD005 


00S 


0-0002 


0-05 


Heterocyclic Substance Pari ll 


TABLE 4 


Analytical 


wavelength 


) 


i-phenazone 


yl-2 poenazone 


hthalene 
8°76! 

snaphth ilene 
11-05! 


1950, 165, 1010 ® Albert lus) 
Fox, Biochim. Hiop) ! r U5% , ’ rometrnu Levens 

l. Chen 1926, 7 220 (pot t 20 . table to alkali | 
* Cf. 8-4 (approx Wood, /., 1906, 89, 1831 lacetate f Therme 


btained by correction for the mean i s coethcient (/., 1998 
es the large spread encountered potent when pA‘s he outside the ran, 
Fox and Shugar, Hull c. thin 4 pectrometri ® Fr 


1 and Cannan, Biochem. ]., 1929, 23, 68 electrode, 30 * Albert 
| Cheeseman, /., 1952, 1620 i From Alf 1953, ISL (potentiomet: 
nthesized in his labor 


hed values determined by Dr. K. Schofie 
d here by kind permission ' Albert ee this also k 
1: 7-naphth yridine m } 145, 425. * brom 
weak base was almost 


elmann, /. Amer. Chen 
by water and no value could be obtain hydrolysed by alkali durin 
J., 1963, 311 


Goldacre, and Phillips yy 4 wn and hort 
\ t “ Back-titration * Albert 


metrically at 0-lmM, a method now 
m Michael Hill, and Schubert 


ow 


in 


olysis ' Kindly determine 
a / 1954, 3832) obtaine 
} ufherentiy accurate for 80 
1932, 255, 70 
ire engaged in amide resonances (cf. Nos. 48 14) lso Nos. 77 and 81 +: 5- and 
t : 6-Dihydroxypyrimidine (Nos. 50 and 51) are stror 
triction | ilency Of these, the 4: 6-isomer 1 
e hybrid from symmetrical structure: 


fecal | derivative have similar spectra and 


acidities, Fox and Shugar #7 concluded that the sam: ionizing in both at about pH 4 
t thi ie methylene group rather than 


icids because only one hydroxy! 


‘roup can tautomerize to an amide (re 
t stronger because the anion can form a resonan 


but they are not necessarily correct in attributing 
a truly phenolic 6-hydroxy-group. True, inserting two ethyl groups in the 5-position 
es the pK to 7:8, but such acid-weakening would be expected in the non-aromati 


tituent is to 


tructure thus produced 
linall the effect of a second nitrogen at 


The eneral inductive additional 


' 


lic strength greatly 


listurbs the acid-weakenineg drawing upon electron 


operation (compare No 47 and 62 with 
nitrogen atoms inten 


he constants given 


M f tl is dissolved in air-free wate 
a Cambridge 1 il ed )} glass and calomel electrode 

1) with 0.05m-borax 

O-O1 unit 

‘ 


yas added 


00-0005 


Loo ith O-05M pota but 
on restandardization of 


lrochlorie acid, or of « 


{lhevt and Phillips lonization Constant 


ies for each pH re 


m of th 


determinati 


| eraged 


rections apply.*! 
] ipparatu 


j 
e adi 


Kcill 
NaQH 
is dried f y 20 mi 


lerivative 


100° /0-01L mm 


proposed 
mcentrati 


the litera 

in aqueo ammonium 
vere 1 Tet iy b thie 
lirect methy 


tionated u 


Heterocyclic Substances Part Il. 1303 
H, 5-55; N, 9-65; Cl, 24-15 for C,H,ONCI 


{ hed method gives poor vields 
f self-coupling.* The solid diazonium m 3-aminoquinoline (3-7 g.) was 
wolling water (80 mil After < n irther boiling, the solution was 


il, then cooled, and an ¢ hydrogen carbonate was added, 


filtered off and recrystallized from dilut lan vield, 48 m. p. 198 
isoquinoline, tsoQuinoline (6-5 pg weti i 15 ml and 30° 
» ml.) were heated for 3 hr. at 70 Furt! hydroget roxide 
continued for 3 hr More hydrogen peroxid f was added again and the 
iporated in a vacuum at 70 2n-Sodium carbe te was added to the 


hydrogen 


4-5 ml.) was added 


residue (until 
vhich was shaken with chloroform (4 f ml The chloroform layer was dried 


| taken to dryness. The residue filtered, and dned, giving 


noline N-oxide dihydrate, m ial ef who used perphthalic ac id) 

refluxed with 10 parts of acetic anhydride fo hr The volatile material was 

0 and the residue refluxed with 5 par odium hydroxide for 
itil the pH ceased to fall bel 

cid, refrigerated, filtered, and d 1, giving ¢ r, of 

is recrystallized from 130 part 


208°) identical with material prepared by old 


15 min., more 
is then brought below 
crude l-hydroxy: 

ing colourless crystals 


thyl-1-isoguinolone (1: 2-dihydvo-2-meth oquinoline Phi is prepared from 
Decker’s method ; ** Val tilled at 0-1 mm. and recrystallized 

it melted at 57° (lit 
ne (Dr. |. H, Lister rau dan oil, b, p, about 240°, from 
hydroxyrsoquinoline and meth d | described i J-methoxys 
mention in the lterature OK methoxide |1 equiv from sodium 
12 ml and 1-chlorotsoquinolit vere refluxed for 4 hr After 
vas filtered off and é t methanol rhe filtrate 


l were 
residue was extracted with ether ract was dried (KOH) and the 

residual oil was fractionated nethox quinoline (88°) as a 
136°/21 mm. (Found: C, 75: 4 c. for CygH,ON 


§°8° 


The 2- and 4-hydro» nd xy-phenanthridines were kindly 
| Arcus and M. M ooml ind - #hydroxyphenanthridine by 


e were all kindly suppli 
pyrimidine (Dr. D. J. Br 


5-nitrouracil, and recry 


imultaneous reduction 
giving white 
at 120°/0-01 mn , : N, 21-8. Cale. for 
N, 21-85% i yrimidines were 
rown al oO” We thank Dy \ vi‘ te I 5 dihydrox 
5-methoxy p rimidine 
izine (Dr. |. LISTER 2-Hydroxypy! » was heated at 100° with 
chloride (30 ml.) for 40 min Phe reagent i moved in vacuo (20 mm.) and 
tirred into crushed ice The recovered oxy: i was treated 


volatilized 


imilarly, as some 
and both aqueous lution re ucted with ether (extracts dred 

recovered and the residue fractionated, giving 2-chloropyrazine 
yield (published yield . } il (3 2.) and methanol 
rdded to a chilled soluti f im methoxide (i equiv,, 0-7 g,. of 
| rhe mixture was re i 0° for 2 hr. and cooled Phe 


ashed with methanol na 1 m 1 hitrate 


/., 1910, 97, 753 
1054, 3839 
1 Zai-Ren, /. Phas ‘ 10 A 1/ 1951, 45, 8526 
Chem., 1893, 47 
1893, 14, 66 
/., 1954, 4319 
enberger Hlei 


58 1685 
ns 1946, 68 


1304 Willams and Clark 


residue 

Ihe ether wa yvered 
Found: C, 649; H, 5-4 
1-Methyl-2-pyrazone “ wa 


kindly 


0on 


was dissolved in a little water cted with ether (« 


} 40°,) distill 
54 ve H a 

talized from light petroleum after sublimat: 

presented by Dy N I ipm: and 4-met 


a {) 
“—_ ‘ 


min 


recs ind the 


N, 24-9. ¢ 


2-mets 
2Y jH,ON, require ( 
recry 
ydroxyphthalazine was 

the late Dr. J. Simp 
naz Phi 


MY 


qui ne ubstance 1s poorly described in the literature Prof 


upphed a ad 


the b oft 
nd refluxed with 0-5nN 
olution was neutralized, evaporated 
ible 


pecimen prey iredi 


j 


from Z-aminobenzaldehyde and urea 
erted 2-chioro- int 
oOholic sodium hydroxide f 
and extracted with ether, and then with « 


white powder 


hrough ydrochloride 


the latter 


‘art it was col through 


juinazoline,™ a Wa il I 


yd 
ue | poorly | 


‘ 


n 


terial 


When boiled with 200 part 


of water, both specimens di 


was chromatographically 


identical with the 


olved in 2 hr. and 


nothing on 


concentra 


tion to 20 part 


and chilling 


liv because ‘ 


ble 


vaporatior 
iterial 
e requisite bufter 
and |] 


thyridine * 


li 
Diimation 


lor determination of pA 


in the presence of a trace 


it was dis 
4 


>-triazanaphthaiene * 


Mr, ( 


all prepared by 


Kindly presen 


the oxidation of uric acid 


Vedersen 
ted Dr, ¢ 


Dy 


of 


1 hs 


behaviour 18 


acid regener! ited 


mived in 


roid, and 


suggestive of 


the original 


the solution 


4-Dihydro 


lr | W for advr-e 
I’, Mason for helpful discu 


n for carrying out the prey aration 


Smith on the determination 


D. |. Br 


to which their name 


ie moment 


Dr. J. H 


attached 


also 
Lister 
ilso Mr 
determined by 


to whom our b } re 


on 


| assistance 


All p# values not otherwise indi 
Mr. EF. P. Ser 


id technician eant oftered 

y Mepi 
nw ] DO 

at ¢ lu 

hen 1047, 171, 321 

er, J 1806, 29, 1300 

J. A Chen 1909, 31 

icharda, Hes 60, 108] 


iv 303 
Liev 1936, 66, 2690 
rey f Imer. Chen 


Hel CA 


wmberra lraiia 


1927, 


Ksterification by Sulphuric Acid. 


i a 


and 


quilibrium constant 
ohol have 
he 


ation of 2 


4 
sulphuric 


been determined in eou 


in 68 aqueous sulphuric acid a 


o-) in deutero 


acid of D, ) 


deuterium ox olutions containing 69 and P 
terificati ms are discussed 


oft the 
tablished a 


nt ha hy ulphuric 
ind therefore it hz ry t 


whi h 


AperTimn 


« features of 
wthod of « acid « 


been 
iction mixture o avoid having t! 


ilcoho] When the 


acidity of thi 


in too large ¢ 


ition 


oncentration 
ulphuric ac concent! 


ition 


rif 
procect 
pr ) i 


y 
, 1950, 72 
1223 
H40 


i: stertfication by Sulphuri 


nts which follow, on the sulphu 
in that we have alway termined 


ce I 


I 
iif 


reaction mixture by oxidation with potassiu 


to keep the alcohol (and ester formed) at a low 


medium which retains a virtually constant compositi 


The rate 
measurable in 64 
The alcohol « oncentri 
indefinitely in solvents le 
minimum in 
the 
apparent 
reached equilibrium 
ving products which reduce the oxi 


concentration 


{ 


The Esterification Equilibrium 
| 
nzyl 


alcohol is 
acid at 0 


| 


Q») 


remain tal t! 
nt Irom a 


ed acids 


} 


if 
i 


ap LOW 
it! 


red 


Tl 


t 
i 


ya4e more conce 
most 
ultim 


after 


concel 


mixture 
{ al 


reaction 
ite] 


low increase ( 
esterification ha n 
rhe analogous compound 
ilphuric acid,* and 2 : 4-dinitrobenzy! cl 
lian * observed a formally analogous d 
He, , OH with n 2, 
Che equilibrium concentration of ester, and 
f the 


Ul 
hown in 


ntrated 
cali.” 

! 
and isolated | 


t 


( 


ten 


lable | 


lefined by equation (1), in wl 


crea water content 


ing 
ition equilibrium 3 
10, A 


ibrium concentrations 


; 
' 


ROH |, ROH ROH 


ed value of K is se 


Ihe error in K, 
in acids containing more than 87 
rium ratio, K, of equation (1) 
but in 
four-fold variation of the initial al 
Orders of Reaction Rates of 


Evident the calcul 
ROH > KOH 


considerable only 


il n 


caused 


natura 


ulphuric acid te 
only slightly 
Rate ind 


eparate experiment 
} 


| 
Od 


l-Wa reagent a given 
for a 


i t% 
centration with time was | to 80 
x) 
represented by equation (2a 


! 
iicoO Col wer 
thi 


nay 


wit! 


pur 

range the quantity log (x, is accurately line 
therefore b 
i respect to alcohol and ester, respectively) f 


lrol 1S) 


; 


2-303 log {x,/(x, 


r pectively, thi ester conce 
pectively, the first-ordes 
(2a) is definitely 
lependent of [ROH ™ 

acid at 25° (Tabl 


7) 
required by equatio1 


( juation 
and 26 
iphuri 


ROH ',, a 


ulated 


from (24) and (2c) are propor 


irl 
9 


from equation (2a) 


icid at 


are fie 
ilphuri (lable 


or 
a) 


Org. Chem., 1941 
Monatsh., 1902 


23 


305 
46 


dichromat 


ntrated 


ulpl 


(duplicated for each medium ci 


or equation (2c) (first-order estet 


1305 
2: 4-dinitrobenzy! 
ample s of 
It has thus been possibl 
a sulphuric acid—wate1 


he 


ic ¢ 


r hol nceentration in 
centration in 
throughout t 
tenhication 

iid at 25 
in equilibrium value, 
ulphurie acid, but 
acids. Simultaneously, in th 
} | 


yurie 


reaction 
of O-IlM-2 
and 


ri é 


4-cl) 
in 68 

which 
’ mY? hows an 
yellow and 
t acid 

unidentified side 
the 


become 


trong 


to determin 
in 
influence 
ulphurie esterification 
thie 


ent employed 
benzyl alcohol 


loride pe 


polymeris¢ 
} 


merises under the 


turl of the 


ons trom reaction mixture 
of approach to equilibrium, all 
of medium composition on 


Xpre ol 
ind é refer, re pe tively 


ire ¢ sed in term 


an 
ROH (Ll) 


ROH), if 


ction l 


urement 


ide 


mea 

entified 

acid 
with the composition of the 
acid-water mixture, A change 
ntration (Tabl 


cohol conee 2) 
by 
decre ast ot 
Ove! 


iction 


ition were generally measured 

nposition) in which the 
| 

equilibrium Vaile 


The 
| 


ly ‘ 
1rOLyYSt 


course ot re 
of fir 
terification and 


yvdrolysis) 


} 
ero-order ¢ 


ind zero order h 


ind 
| 


ana 


rituin 


itequil 


for esterihiication 


suse (2b) require 
ROH|,. Neither 
ROH, ac [ROH |;, 
mer, 7 locity 
KOH wherea velocity 
for a four-fold of 


iriable than / 


and 
ro order Ve 


the 


Zi 


Variation 


more 


Williams and Clark : 


Variation of acid composition and temperatur 


Esteri{n. at 
equiln \ / LOt*hy 
KOH 00-1014 0-0001M 


ORO 15-2? O-1l7s 


OOo 


(Mt) 


KOH oO dola Od 


OUOS lus 


OOOO 


MOH O-lola O-lOolom, 
HOO son O-Os80 
ono Ww 


(eye 4-4 


/ lerification 


LO14 
O-1O1S IK O-0805 
O-1O1S 00-0605 

00-0605 
0-0636 
O-O634 
OOO45 


thi mati 
the value 
il-water 


a ROH aft 


tlphunic Acid 
derived from the 
lhe variation 


y equations (4 


O-O590H 
L-OS4// 


in these equation 
be judged from Tabl 
if the variation of H/ 


ignificant only 
med to be strictly parallel to that at 25 
it may afiect the reacti 
cl 


ate equation and al o bi 


m hydrogen sulphate is smal 


Phe SO,2> ior 


If the added 0 


H.,O, then, from 
6-66 
vithout allowance for 
0-05, and hence, from ¢ 
to O-OL9 The change 
terinication 
on the 


it vhicht 


water cor! 
Hammett 


qjuare 


own at 


ictivilty coethicient 


of the medium I hy 


ammonium sulphate 
ulphurie acid, which 
on the reaction 

0 Deno and 


O-oM-ammonium 
nOoovzss to OOF 1 


ough to account 


nm rate 


ihid , 1944 


Williams and Clark 
lemperature rhe Arrhenius parameters, calculated from the 
hown in Table 3 


TABLE 3. Parameters of equation 
Esterification 
lA I 
lemp ec. * kcal 
0 00-25-05 13 
0-00 35-01 IL-5 
j 


OOo PhO OYS 


Reactions in Deuterosulphuric Acid.—Both esterification and ester hydrolysis are faster 


leuterosulphuric acid than in sulphuric acid (Table 4) An analogy to this result for 
lrolysis of the sulphuric ester exists in the faster, acid-catalysed hydrolyses of 


ylic esters in deuterium oxide than in water.’ Faster reaction by a deuterated 


ome 


[ABLE 4. KE sterification by deuterosulphuric acid at 25 
ROH}, 0-1018—0-1019M 
Icsterifn. at 
ROH |, equilm K LO*k, LOtky 
M mean min in. ke VDikpH kgD/kalt 
00-0779 23 0-306 83-4 4 
O-O780 Y 4-4 
44°] 
0-O576 d 76 451 
Oos79 


t is an indication that a rapidly established proton-transfer equilibrium precede 
rate-determining step in the proces: 


tate of the Reagents Che 64°5-—82-2%, sulphuric acid used for the experiments at 25 


ulphuric acid, and the concentration of 
ilar sulphuric acid present is small.? The condition of alcohol and ester in thi 
nt range cannot be certain 


ntains water in initial molecular excess over 


Cryoscopy shows that ester may exist to a small extent 
(O'50,H,* (or R*) in anhydrous sulphuric acid, but does not reveal clearly that an 
hol ROH forms ROH,*, because of further reactions with sulphuric acid.“ 2: 4-Di 

yl alcohol must be a weaker base than ethyl alcohol, which is considered to be 


a 
than water.' In 64-5—82-2° 


4, sulphuric acid, the alcohol may be assumed 


t predominantly as ROH, while the ester may be largely }° present as RO*SO, 
wtion Mechanisms,—-With alcohol in small initial concentration, both « 


terihcation 
ter hydrolysis are solvolytic, and the results of Table 1 « 
espect to the solvent component [he effective reacting pecies cannot be lentified 
vocally; and multiplicity of mechanisms, ange of mechanism with changing 


omposition, cannot be rigidly excluded vert! th 


tablish no reaction order 


variation of esterification 


ven, for the whole range of acid compositions investigated, by equation (4) at 25 


ition (5) at O Che simplest interpretation of equation (4) is that the rate 


ling step in esterification is a unimolecular decomposition of the conjugate | of 


aciti Ol 
lreagent.'® A rate-determining step ROH # Kk is improbable, for Deno and 
have argued convincingly against alkyl—oxygen { 1 in sulphuric esterification 
ulphuric acid esterifies (-4-)-butan-2-ol with retention of configuration, though the 


rnel and Butler, /., 1936, 1361 
‘ id-Lase Catalysi Oxford Uni Pre 1941 
/., 1950, 2542 


Craig, and Garrett, / imer. Chem. Sor 104% 
uart, Kev., 1954, 8, 40 
sude, /., 1948, 1971; Braude and Stern, ibid., p. 1976 
{. Deno and Newman, /. Amer. Chem. Soc., 1961, 73, 1920 
er and Hammett, idid., 1939, @], 2791 Long and | 
1, 1954, 76, 3240 


1956 


ester 


without molecular rearrangement. !? 


\ possible reaction sequence for the solvol) 


ROH + HSO, 
H 


OF 


~ 


() 


_ 
~ 
a 


in which the whole of the alcohol forms a « 


mall proportion of Q exists as OH 


decomposition of OH* to form ester 
lol the 


bron 
toicheiometric concentration of 2 
Te, IS given by 


ky ROH |, ky’ (OH 
equilibrium constant of (8 
transition state of (9) 1 


log ky H. 
In agreement with equation (4) 
Although a unimolecular mechanism offer 


esterification results, bimolecular mechanisn 


Lsterification by Sulphuri 


is then racemised, and (6) that neopen 


and 


{cid L309 


tyl alcohol forms neopentyl hydrogen sulphate 
ication 1 

() fast ROH 
OH? fa OH 


RO-SQ, 


mn} 
t! 


©, with a component ol the acid; a 
rate-determining step is a unimolecular 
1ations (7 (9), in which |ROH)|y stands 
L alcohol, the of esterification, 


1 ot 


rate 


gp A, Olang (10) 


o 


al upposed independent of the acid 
iku » the conjugate ae id of O, so that (10) 


A. (11) 


3s the simplest interpretation of the solvolyti 
t be excluded,'® since the range of 


Ss Callie 


sulphuric acid—water compositions in which kg can be measured at 25° is not very wide and 


lies In a region ® 
concentratior 
30°, though the concentration of molecular 
centration of molecular sulphuric acid (which 
very markedly 


of alcohol 


d/ RO*SO,H)/dé 


Bimolecular esterification could occur between either ROH, or ROH, 


H, O, oO! HSO, 
1) with thes 
contrary 
(ROH 


equert 


However, H,50,* and 
would require log ky to rus 
(4). Deno and 
(ROH H,SO,*) a 


ilcohe 
to equ ition 
H,SO,) or 


Re 
~——— 


H 
ROH 


HSO, 


H, 


H,SO, 
0, 2 KO-SO 


equ ition 


log ky log k, 


upposed independent of medium 


(referring to two neutral 


log ky log li 


log ky° + log Ky. 


Rothrock 
id Zahler 


/ 
thid 


Amer 


1954 


Chem 
76, | 


in which individual activity coeff 
of bisulphate and oxonium ion 


Deno and Newman ! found that t! 
‘| and sulphuric acid were best represe 


Newman 


log HSO, 


cients are not constant and in which 
probably do not vary by more than 


water may change 5-fold and the 


One 
mall con 
cannot be accurately estimated) may chang 
heir result 


with equimolar proportion 
nted b 


y the equation 


ROH || H,5O,\ay+ 

and HSO, ,H,SO, 
H be excluded because reaction of 
parallel to 2H, and (H, |.) respectively, 
regarded the (ROH,’ H,SO,) 


the most The reaction 


J.” can 


pal 


being probable 


fast HSO, H,SO 


4 (12) 


H,O 


fu 


to the transition 


tate If 
independent of medium 


(15) 


+ fa wo fe 


(16) 


1932, 54, 3432 


and Gardner, thid., p. 9 


Wiliams and Clarl 


the type /; late , are invariant throughou he medium 


ression in activity coefficients in (16) is also im quation (17) tru 
<( CO j 
HSO, | 

ed from the re 


ROH Ho = ROH,’ | ROH 


ROH,* + HSO, ‘SO, H,O 


t /non,*+/uso,~// 18 Invariant Keaction bet 
formed as in (18), requires log kp to run para 
j 
of the sums on the left-hand side of equat! 
respective he concentration 
fraction o derived by Deno ar } hie uppo 
ae f i ‘ I: juation {5 { { ’ 


llater 


OUVull 
L-Os4H 


15) and (17), referring to bimolec 
reproducing the experimental equation rejected 
t of hand in view of the possible vari of oethcient 
ition Lhe results at O° | Tab ‘ lf ym positions ma 
Af id } iii eculatr exc } 


use H/, ha ot been me 
oubtful 


not 
y~ 
asional virnetr 


dium 
1946, 60, 260 
V/ 1 boar 


87, 3599 


slerification by 


ivy wale! 
were inal ( 
10 vu 

Ar 


dried 


75-55 

were of ilo 

while h wi 

LOO « 

weighed 

time of 
ulphuri 

fitting the 

from l 


whole 


min. in 82° 


time of reaction 
were comy uted graph 
to re 
il 


deutero 


tr 


ium move air bubb 


Volumetri 


ited 


0-684 


| itl 


impurity) of 


enough 


bef 


itul 


nim po int 


fla 


the 


0-666 
ir 


7en mixture 


mi, of 


concentra 


titrated with 0-2 te 
f ferroin 


y fa 


(xidation of the 


lixture 


il 


theoreti 


vith ¢ 


x posure t 


iv be 


inferred th 
during 
ib] vher 


held bel 


tive 


10 


The equilibriut I 


cial experiment 
to allow for 


e 
I 


0-068 00685 0 0684. 00-0683 0-06838) 0-06 OOO84 


1312 Grdemce: The Hg-He 


266. The Hg-Hg Bond Length in the Mercurous Ion. Part 1. 
The Crystal Structure of Mercurous Nitrate Dihydrate. 
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iting in the formation of an oxonium ion H,! vHeHeOH,! 


compounds, the only crystal 


wn about the crystal chemistry of mercurou 
and iodide.! 


tructur far determined being those of mercurous chloride, bromide, 
hese struct consist of linear X-Hg-Hg—X molecules with He—Hg distances of 2-53 A 
ride, 2-58 A in the bromide, and 2-69 A in the iodide rhis apparent dependence 


chi ] 


the Hg-Hg distance on the nature of the anion deserved further investigation and we 


imined the mercurous nitrate dihydrate and fluoride In the present communi 


the results of the erystal analysis of the former are reported and Part II (following 


vith the structure of mercurous fluoride 


IX PERIMENTAI 


vaphic and X-Ray Data Ihe crystals were 
acid When the solution was slowly 


prepared from a warm saturated 


mercurous nitrate dihydrate in dilute nitric 
room temperature the crystals obtained were usually prismatic, 
ion sy rapid cooling crystals in the form of plates parallel to (010) with well 
101) faces were formed, Crystals of both these habits had already been described 


d crystallographically by Marignac.*. Another form, not described by Marignac 


elongated in the 


ionally obtained these were prisms elongated along [010 
referred to the axe osen by Marignac 


from oscillation photographs and roniomete! i rements has the 
} 


A, ! 7-52 A, « 6-30 A, 6 103°48 Che axial ratios a:b: ¢ 
seb: 1-1603: 1 3: and 6 103°47-5 
tra with A l odd 


ormula units bei 


tallographi ata are 


well with the value 
tematic extinctions were observed on 

odd Che space group is therefore C},-P2 
uit cell, the calculated density is 4-683 in agreem t with the value of 4-785 
na Joule,* 


scvements In view of the large absorption power (yu 750 cm.~! for Cu-& 


ry important to choose a crystal whose shape was suitable for easy evaluatio 


ption correction. lor recording O&l spectra a plate-shaped crystal of convenier 
vith a razor-blade parallel to the b axis Che crystal specimens were preserve 


ition during phot graphy by a thin coating of trocellulose laquer Nickel 


radiation was used, and all possible (O0/) and (A0/) spectra were recorded on double 


erg photograph Ihe relative intensities of the reflexions were determined from 


ured with a microdensitometer and corrected by mean 
carefully 


to th 


of the spots mea 
curve of the film Ihe correction for absorption is made very 
la described pre wus ‘ Ihe ratios of the smallest a rpti n tactor 
imer. Chem ‘ 1926, 48, 2113 
Chim. Ph 1840, [iii], 27, 332 
ile, Mem. Chem 1845, 2, 401 

‘., 1952, §, 283 
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largest were 1: 60 and 1: 29 for the AO/ and OA/ reflexions, respectively Lhe corrections for 
polarization and Lorentz factors were made the usual way fhe number of AOl and OA/ 
reflexions observed was 64 and 49 respectively. 


Llectron-density projection of mercurous nit Aydrat ong O10), (6) [1L00), with super 
ed atomic position The contacts, water—n ; nitrale—n fe ion, water—nitrate ton, ar 


ented by broken lines with distances in ni ‘ n on an arbitrar cale Onl) 


nate levels are drawn on the mercury-atom | 


zl, 
\ 


"if 
co) 


ti), 
O4 ( 


66 


OD 


‘ha (H, O) ©,! 


ry 


Structure By using the mercury | é 0-085 and zy, 0-189 
om the (¥, z) Patterson projection ie signs f rves hOl) were calculate: 
t of the contributions of light atoms he Fourier pt ction on (O10) 4 hown t 

vyater molecule and nitrate ion pe ak re i t th badly, resolved L he para 


easily obtained by trial-and-error e best emet! veen observed 
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tensities bei obtained by taking vy 0-O4 | cal f these yy, a ms 
rameters, the signs of the observed }(0k/) were computed a the Fourier projection alongs 
100) eval f big. 2 The water-molecule peak did not appear at the same position in both 
jf the tlerence being about 0-2 A in the z co-ordinate rhe nitrate-ion peaks were 
| but not as clearly as in the [010 projection he oxygen peak near to the mercury 
‘ npanied by a broad, low purious pe LK 
d positions of the light-atom peaks appeared to be nsiderably influenced b 
ects from the mercur tom Ihese effects were especially pronounced in th 
LOO | ection, owing to the smaller number of terms used in the immation Models of 
ire vere wrojected on to both electron-density m ps | means of a murror and 
e of light, and the atomic positions adjusted to give the most reasonable fit 
J po ible to establish the po itions of the t tom ith an accurac' 
| lable 1 contains the final atomic co-ordinate ‘ fractions of the 
TABLE 1. Final atomic co-ordinate 
Oh, O-O4% (| ~ () il (j-th { ,] 
() A | O-s4 O10 Or, OLS 0-31 0-39 
O-O4 0 , O19 Od ()-22 90 
J and 2 sh t} tomic positior peri ( ] irier prov 
| é signs of the reflexions are defined by the contributio f the mercury atom alone 
rojections could not be impr ed with the data ulable | the further refineme 
ture therefore not pr ible 
ABLE 2 Observed and calculated values of tv lructure factor 
ht j hol | ( | 0) | 
( Hy 10) ) oo? 4 J id ) 
10) { 04 ‘5 r 004 OR ‘ 
Hint f | ‘ » O06 | OU ] } 
) ( ) Os ] =| ev ; 44 Old ; 4 
if i vl th) id , } 4 ) 
| j j 1 yi 5 , on i) t4 ?) lf 
] if) Ik l Ost) } odd $ 
Lt / i 07 by i oll "”) OO4 a 17 
| Hor 17 ") Ovi A Ob4 4 ‘ 
ho] a O04 ) ‘ Ol }2 if i4 16 12 
y HO2 4 18 o4l 4. O84 0 ‘ 
| H04 " 6 ool ) 6 Oly 2 I 
| H06 9 }2 ool i | O25 6 1 
; Hy 701 “ j o7l 0 | O35 lt l 
i ) 703 5 4 Os! | | 04 tj 6 
( 4 70 a 7 ool “ ( ) i 
i i 701 i tj oie 16 OBS s } 
‘ th 703 ] as y22 3 SS O75 0 l 
{ It} j 705 ) 7 eh 4 a} l O16 } 
0) i i 107 ‘ 4 042 16 10 O26 13 10 
| ; Le 13 1] O5 4 j 036 12 
i4 1] 84 1h 7 062 0 O46 » ’ 
6 Rio Ww Ww 072 i4 1] 056 10 
sO4 i6 16 Ox? , Oo6 4 ‘) 
S01 > BOO }2 4 Qa? ] Ool7 1 } 
) a 901 ll l Os ) i 0 
} il Hos ! ‘ a23 it l4 j 
l Od j ] o8 2 4 
4 | 15 OA 1 H 
had ] ’ f O53 l ; 
Hie it) tian 1] lt O63 
i Tt is 10.04 | 
lod 7 IT,0,! 0 | 
bene } 11.0.3 
I ere il t ty ilu lor t I tol ‘ 
le Tabelle multiplied by an average temps re f the «4A 
it test of the reliability { the atomic « rdinate e obtained b 
| e! Land the tlculate t ire i ‘ ! n lable 2 At t! 
inter tionale Labelle Lest ing d Kristall kt t Berl 193 
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litudes were calculated for the mercury atom 


ye of the analysis, when the structure amy 
he reliability index Rk = Y||F, I S|P,| was 0-26. Vor the complete structure 
. oe _ 
R 0-25 for the AOL terms and 0-22 for the 0 term The large disagreement for some 
reflexions may have been caused by uncertainty in estimation of the absorption factor when the 


formulze could not be applied, ée.g., when the incident angle of the X-ray beam to the crystal 
face was near zero, or when a rough edge caused by cutting of the crystal was reflecting Further 
for weak or very weak reflexions the calculated ¢ tributions of light atoms were generally of 
the opposite sign to that of the mercury atom: t identally proved the reliability of the 


co-ordinates for oxygen and nitrogen given in Table | 


Ihe accuracy of the co-ordinates of mercury was estimated by Cruickshank’'s formula‘ 
for the standard deviation o(*) and oa of a peak position in an electron-density map The 
result obtained iS afr a 0-005 A ) to the centre-of-symmetry relation betwee) 

e standard deviation for the lue obtained for the Hg~Hg bond length 1 
OOLA 


Disct 


Dete nation of the Hg-Hg bond length in the mercurous ion was the main aim of 
thi nvestigation Ihe value obtained, 2-54 OO] a is almost equal to that found 
pre isly } for the Hg—Hg distance in crystals of mercurous chloricd Further discussion 
f this value does not seem to be very profitable until more data on the Hg-Hg bond 

‘th in Various mercurous compounds are collected 

[he positions of the light atoms obtained define the structure in a satisfactory way 
Ihe distances and the co-ordination of the atoms are consistent with known crystallo 
chemical fact rhe length of the N-O bonds in the nitrate ion is I-l A and the angk 


between them about 120°, which, within the estimated limits of error, correspond to 
recorded values (1-20 A and 120”), 

lhe light-atom part of the structure can be described in the following way ; The nitrate 
ions related by a two-fold screw axis are arranged in infinite chains parallel to the 6 axi 
Che contact distance between each nitrate ion and a neighbour in the same chain, measured 
by the oxygen-oxygen distance (O,-O,'), 1s 2°86 A [here is no direct contact between 
the trate-ion chains, but they are linked across by means of water molecules at rather 
hort contact distances of 2-60 A from each chain, probably by means of hydrogen bond 
‘rom each water molecule two such bonds are directed to two different nitrate ions at an 


angle of 1LO Thus, the nitrate ions and water molecules together form a frame-work 
in the holes of which the mercurous ions are located in such a way that each mercury atom 
is surrounded by four atoms, namely the next mercury atom at 2-54 A, two oxygen atom 


of the same nitrate ion at 2-40 and 2-42 A, and one oxygen atom belonging to a water 
molecule at a distance of 2:15 A rhe short distance between the mercury atom and the 
water molecule suggests a polarisation effect of the mercurous ion on the water molecul 
and that an oxonium ton, [H,O-Hg-Hg~-OH, |*’, probably exists in the crystal structure 
lhe bond angle Hg~Hg—OHg, which should be 180° if the bond were truly covalent, is about 


160 rhis departure indicates the remarkable influence of the neighbouring nitrate ion 
resulting in the formation of the hydrogen bonds described above It may be assumed 
that such an oxonium ion occurs also in a solution of mercurous nitrate \ short co 


ordination bond of nearly the same length (2-21 A) has been shown to exist in mercur' 
diethylene oxide.? A much shorter, covalent He—O bond (2-03 A) was found recently in the 


crystal structure of tri(chloromercury)oxonium chloride * and in trimercuric oxychloride.® 

I} ilues for the distances from mercury to the nitrate-oxygen atoms (2°40 and 
’-42 A) are in both cases less than the sum of corresponding van der Waals radii (1-50 A 
for mercu ind 1-40 A for oxygen), so that they also suggest polarization caused by the 


mn. It is interesting that this distance is nearly equal to the sum of ion 
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radii if the values of 1-10 A, the generally accepted value for the radius of the mercuric 
ion, and 1-35 A for the oxygen are used 


The author is greatly indebted to Dr. B, Oughton (Chemical Crystallography Laboratory 
xford) for valuable discussion and help in improving the light-atom co-ordinates and in 
preparing the manuscript Thanks are offered to the Physical Institute, Faculty of Science 
Zagreb, and to Institut Kudjer Boskovié, Zagreb, where most of the experimental work wa 
performed 
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267. The Hg-Hg Bond Length in the Mercurous lon. Part I1* 
The Crystal Structure of Mercurous Fluoride. 
By D. Groenié and C. Dyjorpyjevr 


lhe crystal structure of mercurous fluoride has been determined by the 
of X-ray methods rhe value 2-43 0-04 A has been obtained for the 
lig-Hg bond length It is proved that the Hg~Hg bond length in mercurou 
halides depends upon the nature of the halogen, decreasing in passing from 
the iodide via the bromide and chloride to the fluoride Phe Hg~F distance 


13 O-O5A 


le crystal structures of mercurous chloride, bromide and 1odide!.*.*.4 have been previousl\ 
determined, but the values for the atomic parameters given by Havighurst * are probably 
the most accurate, since they were obtained from Fourier seric All bond-lengths quoted 
n this paper are therefore based on Havighurst’s data. According to them the Hg-Hg 
bond length in the mercurous ion increases on passing from calomel to mercurous bromide 
and iodide Ihe electronegativity of the halogens decreases as the series is ascended and 
therefore the mercury atoms would be expected to have smaller positive charges. On thi 
imple conception the Hg-Hg bond length would be expected to decrease as the series i 
ascended, In fact it increases from fluoride to iodide 

lo complete the series of Hg-Hg bond lengths for the mercurous halides it is necessar 
to determine the structure of mercurous fluoride If the relation discussed above betwee) 
the Hg-Hg bond length values and the nature of the anion is valid, the Hg-Hg distance in 
mercurous tluoride should be the shortest 

kebert and Voitinek ® have reported an examination of mercurous fluoride powder by 
X-ray-diffraction methods. They found that crystals of mercurous fluoride were tetra 
gonal, with the space group Dij /4/mmm, and that the unit cell, of dimensions 4 = 3-66 
‘ 10-00 A, contained two molecules They concluded that mercurous fluoride wa 


isostructural with the other mercurous halice 


I XPERIMENTAI 


Prepavation of the Specimen Mercurous fluoride was prepared by dissolving mercurou 
carbonate in hvydrofluone acid.* Attempts to obtain suitable single crystals from hydrofiuorx 
id solution failed Thus all data were obtained from powder diffraction photographs Phe 
ecimen was prepared by sealing the well-ground material in a 0-3 mm. quartz capillary 
Ray Data Lhe powder photographs were taken with a Unicam vacuum camera of 19 cm 
diamete! ith nickel-filtered Cu-A radiation The unit cell and space group determined 
previousl\ vere confirmed 
. | t I, preceding paper 
su ( ht. vend., 1925, 178, 15 
irat, / ! (hen 1026, 48, 2113 
ins and Magill, shid., 1927 49 2357 
leraas, Z. f’) hk 1926, 36, 859 
tand Voitinek, 7. anorg. Chen 1933, 210, 269 


i Kenoll, / lmecr. Chen 1038 60 Lote 


lnten Vieasurement rhe optical density of 
recording microdensitometer, and the relative inten 
chal teristic curve of the film. These intensiti 
pl y and Lorentz and polarization factors Phe 


the absorption-factor tables for a cylindri 


j 


1, Ca ated from these tables, was 2030 cm."! 
Fifty-two possible reflexions gave only 38 diftra 
the erlapping of several reflexions havi neal 
the u ral reflexions in such cases were evaluated | 
n the ratio of the calculated intensities The imac 
probably influenced the fluorine parameter only 
on the mercury parameter, 
Determination of the Atomic Pavrametes The me 
pecial positions having symmetry 4 mm, the co-ord 
{ equenti only two parameter Zy, and , I 
CO-O! te obtained by the usual trial-and-er 
j n-density distribution along |\001) wn t) 
’ 1 
, 
| \ 
100} ‘ 
, 
j 
\ 
50} 
/ 
4 
P . s 
t . 4 
ote Pome —t9= 
~.o aad 
0 5 10 1§ 
r hourter synthe p j 
Difference synthe f ‘ 
[ alues of the function in eA r 
line nthe Ihe signs of all observed structure f 
the « tributions of the fluorine atom The three 
i ilculated for the line (0,0,z) in intervals of 1/60 
Che resu of the summation is shown in the | t 
0-322 The fluorine-atom peak has appeare 
fr the mercury atom Che value of 2,, ditter 
error method The absolute scale of the structure fac 
mined by Wilson's method, and the observed structure 
fo refine the fluorine co-ordinate a differen 
computed ly, was calculated by using fy, valu 
multiplied by a temperature factor with B rd Aa 
with the | ynthesi Lhe slope of ¢,--,(Hys 
peak appeares thout significant change it P 0 525 
serve | calculated structure factor tt f 
‘ nt itisfactory and the reliability index / 
{ccurvacy f Alom ( wdinale Cruicksha 
Internats ile Tabellen Hestimmung I 
i | oY) 
( cil., p. 671 


fcla Cryst., 


1040, 2, 65 
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e dittraction lines was measured with a 
ties of the reflexions obtained from the 
ere rrected in the usual way for multi 


correction for absorption was carried 


pecime! Che absorption coefficient 
tion line n the photograph, because of 
equal Bragg angles Ihe intensities of 
ivision of the total observed intensity, 
racy introduced by such an estimation 
reas it should have no significant eflect 
t nd fluorine atoms are located in 

tes be 0,02; 4.4.4 0.0 44,4 
letermined Che preliminary sy, 


methods and by means of a Patterson 
i schure rou is fluoride 
o . 
‘ a 
» > ’ r 
a . ° - 
20 25 30 
, ‘ ) 
i l f iti f ? i 
ots ere computed by neglecting 


ial electron-density distribution 


f t Lx with Beevers- Lipson strips 
The parameters are me Ol 
“h influenced by diffraction effect 
lightly from that obtained by trial-and 
ors and temperature factor were detet 
factor vere corrected accordingly 
i with (1 I ug) 48 Coettu jents wa 
from the Internationale Tabellen,’’ * 
iti hown in the Figure, together 
point Zug [he fluorine-atom 
re given in Table 1 The 
Sil | Sil O10 
hos yo 
t 9 f the determination of the 
' er Borntraeger, Berlin, 1935, 
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ta | deviation, o(z), was applied The result is o 0-02 A for the mercury and 0-03 A 
for the fluorine-atom co-ordinate This gives a standard deviation of 0-04 A for the Hg-H 
f thy 


es are for Hg O-1l1L1, and for F z 0-323 


itomic co-ordina 


TABLE | Observed and calculated values of the structure factor 
I = in? 6 hkl F abe Nn? Bore hkl 
0-049 lO) 154 1s] 043% 310 63 66 nw 31 +] 
(4 246 Pant 303 25 Ai) 0-748 411 16 19 
( Lio 218 229 0-445 109 af! 62 0-756 s15 22 17 
Lad 74 MS 0-462 312 10 5 0-781 404 21 $4 
114 142 152 0-466 217 10 5 0-788 330 23 4 
If) 157 166 0495 Hs 47 4 788 415 9 iD 
400 153 168 0.010 + 44 0-708 309 20 a 
O68 67 74 518 314 ts 4 0-806 i  P 10 y 
}21 47 Gs B05 7 +h 0-853 , 2,10 13 1S 
104 106 106 574 p21 bo 41 0-869 334 15 16 
(oF i% ! 47 O-587 11.1.0 37 » 4 4] 16 ! 
Ii it 0 624 $23 18 1h () 8s 106 ot) ; 
1% Y 60 62 316 20) 17 i 16 l 
‘ i 87 120 42 6 0-038 41,10 11 | 
1") r On) (672 ea] 9 ") 0-957 $24 10 | 
0-39 | 16 4 O10 sg 0-970 136 
j i] “ i 0-695 175 Ww) "y 0-980 oo ] 
i 1 7 4 
Disc ON 
ibove parameters the Hg-Hg bond length in mercurous fluoride is 2-43 OOD 
I een from lable 2, this fit well into the eri of He-Hg bond lenet! 
rous halide 
4 ( on 1visol fthe H He hond | in mercurous haltd (an A 
43 O-O4 | ent aut 
OS i I 
1 
5K 
OU 
| tain that the degree of ionic character of the mercury—halogen bond decreas 


le to iodide, and this can be roughly estimated from the differences in the 
clectronegativit 10 It seerns therefore that the bond lk neth in mercur 


related to the electronegativity of the halogen. It may be concluded that 


{ sitive charge on both mercury atoms, the mercurous 1on 1s relatively more 
t i covalently bonded mercurous group Ihis conclusion is supported by the 
t t has so far proved impossible to prepare organic mercurous compounds Phe 
em is whether the mercurous ion can occur as a free ion at all, since, as shown in 
{ ed paper, the mercurous 1on 1n the crystal of Hg, NOsg)9,2H,O is co-ordinated 


iter molecules, and it is very likely that this co-ordination persists in aqueou 


\ simplified model may be suggested in which the structure of mercurou 


explained in terms of mercurous Hg-Hg*’ and | ns, and the structure of 
iodide in terms of dimerized Hgl radical Mercurous chloride and bromide 
i considered as intermediate in character Neverthel till more data on th 
th { mercurous compounds are necessary before the nature of bonds in thes« 
can be fully understood 
fhe He-F distance, 2-31 A, is smaller than the sum of the corre ponding ionic rad 
i 1-10 A, F 1-36 A), and is larger than the sum of the « ilent radii (Hg 1-48, F 0-72 A 
{ w for the radi being taken from Wells’s book.'! TI emarkably large fluorine 
tance in the ‘OOL! direction should be mentioned It -S5 A and shows that 
trast to the other mercurous halide structures, there no contact between the 
in this direction Chis is presumably due to the small ionic radius of flu 
The Nature of the ¢ mical Bond,” Cornel! Un Pre 1940, p. 41. 


il Inorganic Chemiustr ®°nd Edn... Oxford. 195 pp. 50, 58, 70, 
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ymmpared with that of chlorine 
passing from 
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which changes the packing conditions very markedly in 
mercurous chloride to the fluoride It is interesting 
iown only in a shortening of the a dimension (from 4°47 
mercurous fluoride) while the ¢ dimension remains practically 
and 10-90 A for mercurous fluoride). In consequence there 
between the mercury and the fluorine atom of n« 


that this change 1 
A for calomel to 3-66 A for 
the same (10-89 A for calomel 


is a close approa h of 2-70 A 
hho 
a close! 


iring molecules and this prevents 
ipproach in the (O01) direction 
[he authors express their indebtedne to the Pl cal Institute, Faculty of Science, Zagreb 
ind to the Institute Rudjer Boskovi¢c, Zagreb, for experimental facilities They thank Dr. ID 
Lawte Chemical Cr tallography Laborator ( f for a hel; ful discussion and reading 
‘ ri ipt 
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268. T'he Action of Acyl Cyanides on 2- and 1: 2-Substituted 
Indoles. Part I1.* of 2-0-Aminophenylindole. 
A. F. Pri 


Derivative 


By A. K. Krane, F. G. MAnn and A. ToPHAM 


Acetyl « nide reacts with 2-o-amu phenyl le to wive the acetamido 
lole, 2-methylindolo(3’ ; 2’-3 : 4)quinoline he womeric 2-methylindok 
| 2’-3 : 4)quinazoline under various « lit Benzoyl cyanide similar! 
( the benzamido-indole and the 2- pine loqurmolne The inte 
f these compounds ts discusse 
benzoyl cyanide vitl nophe l-l-methvlindole ive 
ponding acylamino-indole I 


Siang and Mann have 


shown that 2 etl 


oo ih lindol inh pure chloroform olution 
reacté vith acetyl cyanide to give l-cyano-l : I-di methyl-3-indolyljethane (1 Ik 
Me) a 1 smaller proportion of 3-acetyl-2-methylindole (II Kk Me) in chloroform 
ynitaining a nall quantity of hydrogen chloride only the cyano-ethane wa 
i 


forme d 


hloroform containing a trace of pyridi 
’ cyanide reacted similarly with 2-methylindole 
chloride to give the nitrile (I; R Ph), and in chl 
. 


3-benzoyl-2-methylindole (II; R Ph) 


ie the acetyl-indole was the sole product 
Benzoyl! le in chloroform containing hydrogen 
form with a trace of pyridine to give 


It i oteworthy that although the 


action of 


“« ( 


ZN. YS ~ 


— f — Ym OR ¢ ———*" 
Te a OO Oo 


4 
H 
(1) (tl (Ht) 
cetyl and benzoyl cyanide on several other 2 1 1: 2-substituted indole wa 
estigated other examples of simple a it the 3-indole position in neutral or 
icid solutio encountered, the product bei i id lolyl compound analogou 
t | furthe re, a 2-substituted indole wa ever attacked in the | position 
Having thus elucidated the reactions of thes indoles, we have now investigated 
} the actio vf the two acyl cyanides on 2-0-aminoy VI lole (II] a greater variety of 
reaction ow possible, since this indole has th: potential points of attack, namely, the 
imino-group and the 1- and the 3-position in the indols icleu 
We find that 2-o-aminophenylindole (III) and acetyl cyanide (2 equivalents) in chloro 
form solution interact, slowly at room temperature ! readily on boiling, to give 2-0 
iceta OF hie lindole (L\ Kk Me) Mildly acidic condition Lt when the above 
* Part | ; 
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olution is treated at room temperature with chloroform saturated with hydrogen chloride, 
produce a mixture of the acetamido-compound (IV; R = Me) and the hydrochloride of 
2-methylindolo(3’ ; 2’-3 ; 4)quinoline (V; K = Me), the latter being identical with a sampl 
prepared by the method of Kermack and Smith.! More vigorous conditions, 1.e., when 
hydrogen chloride was passed through the above solution at 50°, produce a mixture of the 
hydrochlorides of the above quinoline (V; R = Me) and of the isomeric 2-methylindolo 
(1’ : 2’-3: 4)quinazoline (VI; R Me). These conditions are those of the Hoesch reaction 
ind the addition of stannic or aluminium chloride to the solution had little effect on th 
Now it is significant that the acetamido-compound (IV; R Me}, which can be 
prepared by the cautious acetylation of the indole (III), is very sensitive to acids, which 
| it solely to the corresponding salt of the quinazoline (VI; R Me): thi 


readauy CyYcise 

process occurs when the compound (1V; R Me) is dissolved in cold concentrated hydro 

chloric acid, or when it is briefly heated with dilute hydrochloric acid, or with acetic acid 

ng hydrogen chloride, or with ethanol containing a very low concentration of 

hydrogen chloride Moreover, the indole (III) with cold acetyl chloride or bromide or 

varm acetic anhydride gives the quinazoline (VI; R Me). In none of these experiment 
4 


could the quinoline (V; RK Me) be detected as a product of the cyclisation of th 
wetam lo-indole (lV kk Me) 


conta 


ON 
Yo Ny f- 
pcs <M H 
| x, ~~ 
' 4 acids 
Cy 
mown, 
7 e/a, Jf 
‘Io; “a — 
= | , 4 \ mM 
> (V:R=Me) 
N~P NAS 
i 
S 
(V1) R eA if 
N 
lhe formamido-compound (IV; R H) must be particularly sensitive to acids, since 


all attempts to obtain it by formylation of the indole (III) gave indolo(I’ : 2’-3 : 4)quin 
H), which was identified by its marked difference from the authentic 


izoline (VI Ke 
H) prepared by the method of Clemo and Perkin.* 


indolo(3’ : 2’-3.: 4)quinoline (V; R 

Benzoyl cyanide reacted similarly with the amino-indole (111) with however certain 
differences, due possibly to the lower reactivity of this cyanide A solution of the indole 
and the cyanide (2 equivalents) in chloroform, when heated at 60° for 4 hr. or boiled under 
addition of pyridine to 


reflux for 1 hr., gave 2-o-be nzamidophenylindole (LV k Ph 


BzCN in CHCI,, 60 


It] [\ p Ph 
BzCl in cold C,HLN 
BzCN in CHCl, Be 
HCI, 60 | lin A 
| CH, 
' + (boii, 
~~ | 
V; R Ph VI; R Ph 
the boiling chloroform solution did not alter the result The benzamido-derivative cou 
ilso be obtained by direct be nzoyvlation, for example, by the addition of benzoy] chlorid 


to a pyridine solution of the indole (III). When however a stream of hydrogen chlorid 


' Kermack and Smith, / 1930, 2000 


ind Verkin, / 1024 125 1608 
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was passed into the original chloroform solution at 60° for 4 hr., only the hydrochlonde of 
2-phenylindolo(2’ : 3’-4 : 3)quinoline (V; R Ph) was obtained : this base was identified 
by an independent synthesis. Under the above conditions, the formation of the isomeric 


quinazoline (VI; K = Ph) was not observed. The benzamido-compound (IV; RK «= Ph) 
convert it into the quinazoline 


/ 


is however also very sensitive to acids which readil 
imilarly the indole (II1) with benzoyl chloride in boiling chloroform gives the quinazoline 
(VI: R Ph), undoubtedly via the compound ([V; R Ph) 

It is highly significant therefore that in both the acetyl and the benzoy! series, the acid 
catalysed cyclisation of the acylamino-compound (IV) gave solely the quinazoline (VI), 
and that the quinoline (V) could not be thus prepared : consequently the formation of the 
latter from the indole (III) must proceed through some intermediate other than the 
acylamino-compound (IV). The structure of the acylamino-compounds experimentally 
obtained is therefore of considerable importance, for the acyl derivative (IV) should 
theoretically be capable of cyclisation to either th quinoline (V) or the quinazoline (VI), 
whereas the 3-acyl isomer (VII) could give only the quinoline (V1), and the l-acyl isomer 
(VII1) only the quinazoline (VI) 

he acetamido-compound (IV; R Me), pre} ired on many occasions, was always 
obtained as a highly crystalline compound, m. p. 156-—157° : its cold ethanolic solution gave 
reagent, indicating strongly that the l- and the 
3-position in the indole were unsubstituted. The benzamido-compound, prepared from 
the cyanide or by direct benzoylation, was also a crystalline compound, m. p. 176 On 
one occasion, a small portion of the indole (III), when benzoylated by the Schotten 
Baumann method, gave an isomeric benzamido-derivative, m. p. 167°, depressed to 142 
147° on admixture with the former compound. Although the preparation of the product, 


an immediate deep colour with Ehrlich’s 


Y N re N . : wr N “7~ 
H ’ 
ee H [ | 
(VII) (VIII) (IX) ~ 
m. p. 167°, was once repeated independently by another worker, further attempted 


repetitions, using the same sample of the indole (II1) and many other samples, and a wide 


variety of conditions, always gave the original product, m. p. 176°.* It is almost certain 
that the latter has the structure (IV; R Ph), for its cold ethanolic solution rapidly gave 
a deep colour with Ehrlich’s reagent, whereas that of the isomer, m. p. 167°, gave no colour. 


Neither compound in ethanolic solution gave a precipitate with 4-dinitrophenyl 
hydrazine, and it is probable therefore that the isomer, m. p. 167°, has the structure (VIII; 
Ie Ph), a conclusion upported by the cyclisation of the minute quantity available 
p. 1325 

rhe precursor of the indoloquinolines (V) remains uncertain since the latter were 
formed in the most acidic medium, it is possible that the amino-group in the indole (111) 


was inactivated by hydrochloride formation, and the acyl cyanide then gave the 3-acyl 
derivative (VII), with subsequent cyclisation to the quinoline (V) Chis is unlikely, how 
ever, because acyl cyanides react with impler indoles to give 3-acyl derivatives in good 


yield only in basic media (cf. Part I). The precursor may be the compound (1X), which 


¢ 7] failure to repeat the preparation of an acylated ir t t it precedent The prepar 
ation of 3: 6-dibenzoylearbazole from 9-benzoylcarbazole by Viant and Tomlinson * could not be repeated 
by Plant, Kogers, and Williams,‘ who state ‘‘ These discordant ervations have not been traced to any 
obvi iriations in conditions and are probably due t minor changes in the quality of the 
naterials used.’’ The conversion of 2: 3-diphenylindole into its 1-benzoy! derivative by Fennell and 
Plant * could not be subsequently repeated (personal comn cation from the late Dr G. P. Plant 
' Plant and 7 ilinson, /., 1932, 2188 
a | hog 1 Williams, /., 1935, 742 
J lland | t, /., 1932, 2872 
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hormed in a reaction the peed of wich 1 dependent o1 the acidity of the mediu 
ould therefore determine the relative proportions ot the compound (IX l 


acylamino-compound (IV); this precursor under the influence of the hydrogen « 
ou idily undergo aromatisation by loss of hydrogen cyanide, giving the stable hydro 
oride of the indoloquinoline (V) 
The indoloquinazolines (VI; R H, Me, and Ph) represent a new heterocyclic system 
tructure of which follows from their non-identity with the isomeric indoloquinolins 
V H, Me, and Ph) Ihe first two of the latter compounds had previously bee: 
nt ised, and the third (\ Ik Ph) has now been prepared by a method based 
essentially on the work of Kobinson and Thorneley ® (cf. also Holt and Petrow 
4-( ro-2-phenylquinoline was condensed with o-phenylenediamine to give 4-0-amino 
o-2-phenylquinoline (X; KR Ph) which with nitrous acid furnished 4-1’-benzot: 
A. 


sie N 4 
7 ‘ | ZA > (7 WS N vt ~ wer tH) 


J N N 
(X) (X1) 
4 lquinoline (XI; Kk Ph) rhis compound, when heated with phosphori 
acid yst nitrogen with cyclisation to the required 2-phenylindolo(2’ : 3’-4 : 3)quinoline 
V; R | [he 2-benzyl analogue (V; KR CH,Ph) has been similarly synthesised to 
listinguish it from the 2-benzylindoloquinazoline (VI; R CH, Ph) obtained by cyclisation 
of the phenylacetamido-indole (IV; R CH,Ph 
It oteworthy that salts of these indoloquinoline V) are colourl whilst those of 
t loloquinazolines (V1) are bright yellow 
{ ition olf a 2 ibstituted indole to the 3- and the | position ha been previo 
reco! l | parti ular, Kermacl Perkin, and Robinson ® hav hown that cor poul | 
of type (XII) cyclise in ethanolic hydrogen chloride to either the dihydroindolopyridine 
XNII1) or the isomeric dihydroindolopyrazine derivative (XIV) or a mixtu 
bat t iture of the product lepending on the ibstituents R! and Ik? 
ae, | | “ [ | | 
a 2| | } Ae rl CO'NR'CHyCH(OM 
N ’ N 
H H 
(X11) | KIT 
i “pie 
I |] 
ie. - 
(X1V) | oe 
\\ ilso investigated the simpler problem of the action of acetyl and benz 
a on 2-o-aminophenyl-l-methylindole (XV), where cyclisation can now give onl 
ndoloqu ines (AVI In this series also, there are certain differences in the action of t} 
two a eyvanice Ihe methylindole (XV) reacts with acetyl cyanide in a basic medium 
i in pyridine or in chloroform containing pyridine, to give the acetamido-derivative 
XVII: R Me), but in neutral and acidic media, 7.¢., in pure chloroform and in chloroform 
* Kot ind Thornele j 1024, 2169 
Petrow 1048, 922 
Ik 1g 121, Is 
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thee? 
lrogen chloride 


f le re pectively to t lolo-quinoline (XVI Ix Mi 

the reaction bei nost rapid in the acidic mediu e indole (NV) reacts with benzo 
yanide in both the above basic and neutral media t the benzamid 

| | loroform 


‘ benzamido-derivative (XVII 
containing hyat I to give the ( XVI 


. M be f 
jAcid 
acc 7. 

R 

/ ~ - 
fy NH 
Me N Ero f > 
| — > 


Ny FA ea ae 
ie Seo: \\~a 
(XVIII) Z , 


he ae ylamino-compound (XVII sith ti eid whi 

| eyclise them to the indoloquinoline XVI { tewortl that in this series th 
formamido-compound (XVII; R H) can be isolat ke the 
I\ Ix H) Phe 


unmethylated 


identity of the indoloquino XVI Ix Me 


il log tit 
heir formation by 


and Ph) ha been 
cyclisation of the priate o-acylaminoacetophenone 
methylphenylhydrazone (XVIII) this reaction was origina performed by Kermach 
ind th,’ but the yield and quality of the final product are much improved if ethanoli 
hydroge lorice ised as a condensing agent in place of pho orus oxychloride 
Infrared data for various indoles are given on p. 1330 
Ie XPERIMI 
( le (111 ts acyl derivative and the id j tained by their ¢« j 
( f ved fir hen (when necessary) the t f ‘ loquinoline oO that ‘ 
nember f these three classes are identified before « f thes | ion | the acti f 
l« ‘ the lol Che indole (XV) is the treate the h the quina 
I I t in tha erie 
Iminophes ndol II] a) O-Nitrobes | red phosphor po 
e (138 radually added with shaking t ‘ 1 (102 in 11 
te th refiu ondenser closed with a caleiur é ‘ | the t ture i eate 
f 1) mi onling iter bath Phosphor f rel ed by distillatu 
ter-pumy 1 the residual oily nitrobe | t alwa be fe] 
‘ filtered through intere f ( ( 10s He | 
t pure for the next stage 
i pi ; | ) ution er Ol 
‘ 7S | ethanol (450 c.« ch f ‘ 40 cx th m 
etha olut I | olving the al ecl 100 ether, the ti 
t cle to LOO ¢« 
| 103 vas placed ina 1 |. fi lution \ adn 
ere sl lded through t funnels in the f t the temperature of the 
\ tur e¢ above 5 A 240 c.c., B 50 ¢ L bo 4 25 Wc.c., B 15 « 
0 5 if fter 10 min., the mixture ce rated suly 
As) OO Cc. Phe precipit et he } hy Y. 
vate The initial iter h 
‘ et hue f ‘ r te ether extt 
( if ent re f ft ‘ Cnz ! lonate 
| t tillation CAM f huts 
it ter WZ « | 4 f | 
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with ether The extract was washed in turn with an excess of aqueous 10% sodium hydroxide 
and with water, and the solvent removed, and the residue, after heating at 100°/15 mm., consisted 


of almost pure o-nitroacetophenone (74 g., 83% rhis method is less troublesome and gives 
higher yields than any of those described by Schofield and Swain.* 
[min acelophnenone \ mixture of nitroacetophen rie O05 g and concentrated 
rochioric acid (380 c.« was treated at 95° under reflux, with vigorous stirring, with 
ra ited tin (153 g.) during 1 hr., the heating and stirt 


rring being then continued for 30 min 
Aqueous 30% sodium hydroxide (470 c.c.) was added slowly to the hot 


Wi i¢ h tirred mixture, with 
occasional cooling to prevent boiling fhe mixture was distilled in steam, and the distillate 
1.41.) extracted with ether Removai of the ether from the dried (KK,CO,) extract left almost 
pure iminoacetophenone (42 g 73° 
nixture of this product (43 g.), ethanol (84 c.« phenylhydrazine (35 c.c.), and acetic acid 


Cu boiled under reflux for 6 hr. and cooled Che crystalline phenylhydrazone 


104 10% 63 g., 88%) was collected, washed with ethanol, and dried, a second crop (m. p. 103 
10s +5 g.) being obtainec by concentration of the filtrate Auwers and Meyenburg ” give 
m, p. 108 they state inaccurately that the initial crystalline product is the acetate of the 
h | i“ 

Cyclisation 4 mixture of the hydrazone (50 g.) and powdered zine chloride (250 g.) wa 
tirred in oil-bath &t 160-170 rhe mixture became pasty a e internal temperature rose 
te 1. 210 Che stirred mixture was kept in the bath at 160° for 10 min., and when removed 

é ( centrated hydrochloric acid (43 c. in water (615 c. idded, and the 
tirred ture heated on the water-bath for ca. 1 hr. until the zi chloride had been extracted, 
The mixture, after further dilution with water (440 c.« ind hydrochloric acid (44 c.c.), wa 
heated to boiling to obtain an almost clear solution, to which ammonia (17%; ca. 87 c. wa 
low! ided until the mixture was no longer acid to Congo-red rhe precipitate was collected 
washed th water, and dissolved in boiling water (1060 c.c.) containing hydrochloric acid 
MO « ind the filtered solution treated with ammonia 1 126 cx is before The 


ted indole (III), when washed and dried (38-5 g., 84° had m. p. 148--150°, increased 
t 154-156" by recrystallisation from ethanol, and then 


unchanged by sublimation at 
145°/0-001L mm, (Found; C, 80-6; H, 59. Cale. for C,,H,,N,: C, 80-7; H, 58%) (lit.,4 m. p 
154 1 he tim of «Al lo 


ver proportion of zinc chloride reduced t 


he yield: the use of ethanolx 
en chloride as a cychising agent gave very poor result 


leyvl Derivatives of the Indole (111) 1) 2-0-Acelamid pi [\ It Me V 


1) nd when 
| vdered indole (111) (3 gz.) was added to cold acetu 


anny l! le H « { heat Vas evolved 
clear ution which when set aside for 1 hr. deposited crystals of the acetamido 
der tive 1\ It Me After ice-water cooling, the | roduct 15 £., 715% was collected 
| ished with ethanol it had m Pp 155 156-5 increased t 156 157° by crystallisation 
from ethanol (Found: C, 77-15; H, 6-0; N, 11-3. Cale. for C,,H,ON,: C, 76-8; H, 5-6; N 
11-2 Kuggh and Dinger ® give m, p. 151-152 If this preparation is carried out on a 
larger scale without strong cooling, the higher temperature attained m cause the product t 
be « taminated with the quinazoline (VI; R Me 
>) HRenzamido-derwative (1V\ It Ph (A) (i) Benzoyl cl rid O68 Cc. 1-1 mol wa 
idded to a solution of the indole (1-04 g.) in pyridine (2 c.c.), which was then he ited to 50 et 
wide for 30 mu ind | yured into water Che wyueou lution was decanted from the 
precipitated oi! which when stirred with ethanol solidified (1-1 g., 71 ind on crystallisation 
trom et la rded the benzamid mf ind, needle m. | 175 175-5 Found ( 80-5 
Ho5e0 1 oO C4, H,.ON, requires C, 80-7; H, 5-15; N, 9-0 
| lumerous attempts to repeat the preparation of the isomer de cribed below it R 
the general conditions were varied widely without effect The powdered indole, when stirred 
diluted chloride vas converted into the hydrochloride of the indoloquin izoline 
| hi Vh 
Ht) On two occasions a su pension of the pure pr wdered indole lan exce of 10% Ley ued 
dium hydroxide, when shaken with a small exce of be | chloride, rapidly gave a pale 
re emulsion which slowly solidified Che solid product, recrystallised from ethanol, gave 
rea ired crystals of the benzamido-compound, m. p. 16 lepressed to 148 160 
vin ture with the previous compound (Found: C, 80-5; H, 4-9 


na Vain / L048, 384 
ers and Meyenburg, / 1801, 24 2370 
' ] ind Haas, Ber, 1911, 44, 1211 


l mliand Dinger, Helv. Ch cla. 1939, 22 SOR 
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(3) Phenylacetamido-deriwative (1V R ( H,P! 


when added dropwise to a solution of the indole (III 


saction, and the oily product, when set aside for 


leposited the phenvlacetamido-devrivative (1-2 g., 41 
ethanol (Found: C, 80-7; H, 5-7. C,,.H,,ON, req 
Cyclisation to Indolo(\ 2’-3 : 4)quinazolines (RF 


1) A solution of the indole (IIT) (1 g.) in chilled fe 


temperature over sodium hydroxide in a vacuun 
ndolo(l’ : 2’-3 : 4)quinazoline (VI; BR H), when w 
198-200 recryStallisation from ethanol gave ve 
201° (Found : C, 82:7; H, 4-8; N, 12-8. C,,H,,N, 


same compound was obtained when a solution of t! 


formamide (4 c.c.) was boiled for 10 min, and then px 
when its solution in ethyl formate was boiled 

2) (a) A solution of the indole (III) (2 @.) in a 
reflux for 2 hr. and cooled, furnished the crystalline 
m. p. 114-—116° after crystallisation from ethanol! 
(b) below 

When acetyl! chloride (0-5 c.« 1-5 mols.) was sk 
in chloroform (20 c.c.) a violent reaction occurred 
quinazoline was deposited Chis salt (1-4 g.) was ce 


basificati 


114 


containing hydrochloric acid (5 c.c.) 


methylindoloquinazoline (0-84 g.), m. p. 112 


b) A solution of the acetamido-cempound (I\ 
containing concentrated hydrochloric acid (5 ec. 
evaporated to dryness on a water-bath The resi 
treated as above, gave the 2-methylindoloquina 
116° (from ethanol) (Found: C, 82-2; H, 5-35 
N, 121%) 


Lhe acetamido-derivative was also readily cor 


I 


erted into the 
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Phenylacety! chloride (1-32 c.c., 1 mol 
2-0 g.) in pyridine (2 c.c.), caused a vigorous 
15 min. and then stirred with cvclohexane, 

m. p. 1690-—170° after crystallisation from 
res C, 80-9: H, 5-6%) 
ng Index, Indolo{1 : 2-c\quinazolines) (V1) 
mic acid (10 c.c.) was evaporated at room 
desiccator Che dry erystalline residue of 
she vith cold ethanol and dried, had m. p 
y pale yellow crystals (0-9 g m. p. 200 
requires C, 82-6; H, 46; N, 128%) Lhe 
ie indole (1 @.) in formic acid (5 ¢.c.) or in 


ired into water Che indole was unaflected 


when boiled under 
kk Me), 


tic anhydride (10 c.« 


methy lindoloquinazoline (VI 


lepressed by admixture with the product 

ided to a solution of the indole (1 @.) 

ind the vellow hydrochloride of the indolo 
llected and dissolved in hot water (150 ¢. 

{ the solution with ammonia deposited the 
| Me) (1 @ in acetic acid (20 c.c.) 
boiled under reflux for 2 hr. and then 

lual yellow erystalline hydrochloride, when 

O-SS8 @ pale yellow needles, m. p. 115 
12-45. Cy,H,,N, requires C, 82-7; H, 5-2 


hydrochloride when its 


thove 


olution in chloroform—hydrogen chloride or in ethanolic hydrogen chloride was gently heated, 
or when its suspension in an excess of dilute hydrochloric acid was boiled until complete solution 
was obtained 

3) (a) Solutions of the indole (III) (2-1 g.) and benzoyl! chloride (1-15 c.« L-l mol each in 
chloroform (30 c.c. and 10 c.c.) were mixed, boiled under reflux for 3 hr. and evaporated to 
dryne Che product was extracted with boilin iter (500 c.c.) contaming 2n-hydrochlori 
acid (10 ¢. and the undissolved 2-phenylindoloquinazoline (VI kK Ph) (2-7 g., 92%) had 
m. p. 194-196", increased to 197-—-198° by recrystallisation from ethanol (Found: C, 85-75 
H, 4-6 9-7 ( oy tty N, requires ( , 85:7; H, 4:7 N, 05 Alternatively, when hydroges 
chloride is | ed through the above mixture t 60° for 3 hi the product, worked up a 
before, furnished the indoloquinazoline (1-23 g.), m. p. 197-198 

b) A solution of the benzamido-derivative (I\ | Ph), m. p. 175-175-565" (O-1 g in 
chloroform (5 ec. containing ethanolic hydrogen chk le (Ol cv was boiled for 3 hr. and 
evaporated lhe yellow residue of crude hydrochloride (m, p. 140-194"), on recrystallisation 
as before, underwent dissociation giving the indoloquinazoline, m. p, and mixed m. p, 195-—197 

Che isomeric benzamido-compound, m. p. 166-167 i, 2 me was boiled with ethanol 
hydrogen chloride for 10 min., the solution imme« é eveloping a bright yellow colour 
Evaporation gave a residue which on basificati t mmonia furnished the crudec yclised 
product, m. p. 188—192°, insufficient in quantity for recrystallisat or mixed m, p. determin 
ation [he deep yellow colour of the hydrochloride 1 the p. of the produet, indicate 
strongly that this product was also the indol line I Kk Ph ind that thi 
benzamido-compound has therefore the structure IT] 

4 1) Phenylacety! chloride (1-33 c.c.) was added to a hot solution of the indole (ITI) (2-1 ¢ 
in chloroform (40 c.c.), which was boiled under reflux for 75 min. and cooled Ihe yellow crystal 
ttm | i 254 242 of the hydro« hloride which } e| irated were collec ted and wher 
crystallised from ethanol gave the almost colourle 2-benzylindoloquinazoline (VI Kt 
CH,Ph), m. p. 194—-197° (Found: C, 85-65; H, 5-0 4 OS Cagll, N, requires C, 85-7; H 
~Z 0-1 

\ lution of the phen lacetamido-con p KK CH,Ph) in chloroform, treated 

a $(/ e the quinazoline, m. p. and mixes 19 1OK-S 
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ae | unoline 


yi acetal 4 iI 


iorr and fet 


7 copper powade! 


oun g.), 
ydrochloric acid vas | ed nm Keaction startec 
iched ca. 120° and becat ! ere : the tem 
ired to Cease ind } mc! d to 140 
hanol (200 « ie I a to an 


recipitate was washed 1 water ied (2-85 


179 
12-9 
compound () ' is mixed wi i-hydre 
im nitrite 
uffording colout 
nd C, 78:3; H, 
rt 10% 
186 found 


pho 
for 1 min 
ind the precipit 
he filtered « 
bhenylindol 
impurity, for in concen d sulphuric acid it gave a 
ce Chis impurity could not be removed by absorption 
therefore converted ) hydrochloride, which wa 
icid, in which the impurity w only 
no 4 of | soluti 
85-7 . 
iter (50 ¢ col il neentrated hydro 
ained as far 
1 monohydi 
»HyN,, HCLH,O 


1 by 
ireg Dy 


formate 


lute etl 


iring the phenyl 


HOO « 
177 lit. m 
ther (400 c.c.), hydrochlori« | ( ind crush 
ethereal layer 


ven carbonate 


ywwn oll, | 
. t 


ethanolu Lin! 
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chilled in ice-w r, W eated with a 2-5°%, solu of copper acetate 
thanol (1760 c. | complex of ethyl y-phenylaceto 
washed with meth ( and dred 125-1255 
120 
the complex (69-5 g.), 2 yaroc é ‘ i ther (200 cx was 
ind the ethereal layer 
ether, finally under reduce 


yurle oil (59-5 


ti 


ith water, and dried 


lual ethyl y-phenylaceto 
) 


the above conditions | ry f il preparation of the 
latter The conditu 


ive unsatisfactory 


‘above ester (20-6 ¢ in ( and acetic acid 
heated under reflux at 125° for 4 removed meanwhile through a 


he benzene was then removed mm,, and the residual ethyl 


itonate, after recrystalh 


30 g.) was added duri 
( it 240 The mixture 


iI 


ether 74° 

, cooled 

4-hydrox) 

dried, had 209-—210°, 


vith hght petroleum b p. 60-80 Loo 
> g hen collected Washer 
» 210° by recrystallisation from 


requires ¢ S1-7 H, 5-5 N, 60 


( 82-05 5-6 N, 63 


quinoline (29-5 g.) and phe i heated at 100 


and the exce of chloride removed Lhe cold residue wa 
<0 of aqueou 1 extracted with et I 
illine 2-bensyl-4-chi 


H, 4:7 


as heated at 


en ished with water, dried 
‘951° (Found: C, 75 
re of the chloroquinoline 
ha The resulting 
{ H,Ph) was digested 


with water and 


ninoanilino 2-benzyl 
icid (100 ¢.c.), cooled, 
kKecrystallised from 


had m ! 24; H, 565; N, 11-5 
73:0; H, 55 

1cou odium nitrite ol ‘ ‘ i dded to the hydrochloride 
«chlor 65 C4 al i i | ( 1 hie olution, evaporated 


ure, gave a gum which rm and dilute aque 


Lhe chloroform extract 
| I< CH,Ph as a gui 


10 min., cooled, and added 


aried, and ey Lp rated 
n eater h pl phonic acid (d 1-75 
30 iqueous sodium 
water (700 c.« and chlor vas stirred for 2} 


» iil 


Lhe chloroform layer, whe 
\ line \ 


5-05 


and ¢ iporated wave 


ifter crystallisation from 


purified before 
hd not give ¢ 


elected experimen 


dentified by RIX prepared a 


eased to 154-156 
vas boiled under re 
hanol, gave the 


is diluted with 


1046, 68, 2492 
66, 1512 


Kiang, Mann, Pnor, and 1opbham 
le) ; 


et aside for 48 hr The crude yellowish crystals of the hydrochloride of the 


Ke Me), the deposition of which had soon started, were then collected 


with chloroform, dried, and dissolved in hot water (70 c.c.) containing dilute 
, , 


id (0-1 c.c.), and the solution was filtered into an excess of stirred ammonia 

precipitated indoloquinoline (0-23 g.) had m. p. 260-268”, increased to 291 
tallisation from methanol 

roform filtrate was cautiously evaporated, and a solution of the gummy residue i 

f ethanol similarly i to ammonia Lhe precipitated icetamido-compou 

140°, when re tallised from ethanol gave } e product 

154-5 


of this experiment, in which the volume o hloroform-—l 


pale yell 


iydrogen chloride 

c.c. respectively, gave the indoloqui lin 0-16 and 0-08 g.) and the 

ynpound (1-05 and I] The purity he precipitated acetamido-compound 
lily as the above volume decreased 


above mixture of the indole {1 g.) and the cyan (O-72 cx in chloroform 
0” whilst a gentle stream of dry hydrogen chloride ed through the solution 
iporavuon gave a yellow residue its solution it water (ca, 100 c.« 


ia as before The precipitated mixed bas and extract« 


benzene (8 c.c.), and the latter was filtered The re lu 0-21 g m. p. 240 
tallisation from methanol gave the indoloquinoline (\ RX Me), needles, m. | 
m recrystallisation from 
ndologuinaze line (VI Kx Me), m p 112 113 l hese 


d, for the former is almost insoluble in boiling benzene 


[he benzene filtrate on evaporation left a residue whicl 


somers can thus be 


appreciably soluble | 
ind only moderately so in cold methanol, whereas the latter is readily soluble in 
nd only moderately soluble in cold ethanol 

of aluminium chloride or stannic chloride to the above mixture appeared in general 

the yield of the indoloquinoline The use of a vigorous stream of hydrogen chloride 


ield of the quinoline unatiected, but gave an impure sample of the quinazoline 


anide (1) Benzoyl cyanide (0-6 g., 2 mols was added to a solution of the indole 


iurm: «chloroform (7-5 e. which was then heated at 60° for 4 hr. and evaporated 


ue when stirred with ethanol solidified, and when then recrystallised from 
benzamido-compound (LV; R Ph), m, p. 173-—175 
lution of the indole (0-5 g.) and the cyanide (0-89 @., 2-5 mol in chloroform 
ntaining pyridine (0-2 c.c.) was boiled under reflux for 2 h1 »compound (L\ Ix 
imilarly isolated 
was added to a solution of the in chloroform (20 ¢. 


heated at 60° whilst a steady stream passer ough 
vale yellow preci nitate 1-55 ¢ ool i old mixture, dissolved in 


containing concentrated hydrochlort ind filtered into aqueou 


ecipitate, when collected, washed with wa l 


ind repeatedly recrystal 


(charcoal), gave the indoloquinoline (\ ; V1 0-75 g.), pale yellow 


246 his compound may be dimorphic, for 1 first samples prepared by 


rystallised from toluene had m 202-— 203 hound C, 85-25; H, 4-9 


rea later ample | pare 1 by thi i Vy I fo! er method p 1326) ar 
from benzene had the higher m, p The low-melting material readily sublimed 


t 240° /0-005 mm., giving cream-coloured crystals, m. p. 243-244 ind a trace of 


envl-l-methylindolé x \ ‘otassium f in vi.-butanol (10 c. 
ilphonate (1-72 g@.) were added in turn to’a solution of the indole (ITT) (2-1 


1 (40 cx which boiled under reflux { 10 mi ind 


the butanol the 

umn The reddish tarry residue recrystallised from ethanol when set asice 

olidified, and then readily sublimed at 150°/0-003 mm., affording the colour 

1, BOY, yield), m. p. 129° after crystallisation from ethanol (Found C, 81-0 
sf1,,N, requires C, 81:1; H, 6-35; N, 12-6° ise of methy! tol 
also gave excellent results The solubili 


rreater than that of the indole (IIT) 


iene 


acetophenone (5 g V-methyl-N-phenylhydrazine (4-85 c. ethanol (10 « 


ere boiled together under reflux f 6 hr., then evaporated 


the methyvlphenvlhvdrazone bright vell need le 1 


in oil which solidified and when recrystallised from light petroleu 
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17-5. C,,H,,N 75-2 71 H, 17-6% Che 
m, using zinc chlonde essential! rey isly described (p. 1324), then gave 


p. 132-—133°, but the yield v vel when ethanolic hydrogen chloricd 
lole was not obtained 
of the Indole (XV) lution « ie ind g.) in formic acid (8 c. 
é vaporated to dryness in : de catol [he residue, m p. 92-—-95°, when 
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med unchanged when heated at 0-001 mm on osure to air it slowly became stick, 


The indole (0-4 g.) was dissolved in acetic an! ride (1 c.c.) with cooling, and the solutior 
a haken with water (10 c. The re ial oul was thoroughly washed in turn 
aqueous potassium hydrogen carbonate iter, and dried; it solidified. Careful 
ation from 50% aqueous ethanol aflor i 2-0-acetamido-compound (XVII 
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recrystallisation 
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earlier sample, 188 


0-1 


2: C, 85-65 
hydrochlor 
ttempted dehyd: iused some d 
loroform, when tre hydrogen chlorice 
} 1} lovide 202 (decomp 
83. Colt, ,! 

Indole .\ 


added to a 


{ e overt 


vhich wv . t ™ 
Wueou ethanol deposited the 
further recrystallisation 
pyridi ‘ olvent gave 
condition I} , a 
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ong bands at 6-00, 6-07 ; 1, and a weak and a strong band 
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269 ( HELI ae Dye derived from 2 Meth yvlindolo(3 °Z ‘ t)quinoline., 
) 5 M : | P) 


methylindolo(I' : 2 


methyl tolu 
and 1: 2-dimet!] 1 
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hould form cyanins on t other hand, the 2-met] 
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Mann and Prnor: Cyanine Dyes derived from 


failed with the alt (11) lurthermore, the 1: 2-dimethylindolo(3 
eric with the 


quinoliniuin cation in (1) is, apart from other substituents, ison 
ndolo(3’ : 2’-8 : 4)1soquinolinium cation,* from which Huang-Hsinmin and Ma 


nethyli 
aye comparison of the two seri is ot particular inte 
eries cyanine salt formation was sometimes followed | 
dequaternisation,”’ to give a covalent compound 
t al] cases, more rapid condensation and higher yields were obtained from t] 


Kk Me than from k H) Thus the ult (J Ix H) condensed witl 


Vlaminobenzaldehyde in aceti anhydride-tricthylamine* to give | 


ndolo(3 '-3 : 4)-2-quinoline| p-dimethylammobenzene dimethincyanine toluene 
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ite (III: R H, X ( 77903) but only in very low yield. Condensatior 
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onged boiling in methanol~piperidine gave yellow need| a stable monomethano! 


f compo ition ¢ opty Nz,! H,O ol CogHogN,! HO formed by the loss of methy! 
p-sulphonate respectively from (III; Kk H, Xx CoH."SO, Che 


en toluene-4 
this compound is uncertain but by analogy with the azadimethin analogue 


, It is probably the th-indolo-der formed by loss of toluen 


a alternativel t may be the base (III < \ xX OH), former 
union of methanol with ( which would account {i great stability 
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in acetic anhydride-triethylamine to form the scarl 
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anine Dyes derived from 2-Methylindolo(3’ : 2'-3 : 4)quinoline 


1’-dimethylindolocyanine sulphonate monohydrate (V1 Kk Me, X C,H,50, 
' ured in the same way as the sulphonate (VI; R H), but from the salt (I; R Me 
in ethanol with 7 hours’ boiling (62% yield): it separated from ethanol in scarlet prisms with 
a yellow reflex, m. p, 275-276" (decomp.; immersed at 265 Found: C, 69-1; H, 61: N, 97 
CagH,0,N,5,H,0 requires C, 68-6; H, 5-9; N, 965%) 
Vethylindolo(3’ : 2’-3 : 4)-2-quinoline || 1’’-ethyl-2”-phenyl-3”-indole\-3-azadimethincyantiy 
ulphonate (Villa—c; K H, X C,H,S0O,) A solution of the salt (I; K H 
ind L-ethyl-3-nitroso-2-phenylindole (0-15 g., 1-5 mols.) in hot acetic anhydride (10 c.« 
reated with triethylamine (0-2 c.c., 2 mols.) and boiled for 15 min The blood-red solution 
on cooling, deposited the cyanine sulphonate monohydrate (0-2 g., 62%,), scarlet needles, m. p 
] ifter crystallisation from dimethylformamide (ound C, 718; H, 54 
CoH yO,N ,5,H,0 requires C, 72-1; H, 5-4% Increasing the scale of this experiment did not 
‘ orresponding increase in the yield 


) 9 


the salt (I kK H) (0-65 g@.) and the indole (0-55 g., 1-5 mols.) were added to the 
from the interaction of sodium (20 mg.) and methanol (25 c. which was then boiled 
50 hr. and cooled, a mixed crop of crystals appeared These were collected and extracted 
ith boiling methanol Ihe undissolved residue (78 mg.), when crystallised from dimethyl] 
gave §-azadimethin-2-| |-methyl-y-indolo(3’ : 2’-3 : 4)quinoline |-3 1’ -ethyl-2"’-phenyl 

(IX alternatively named 2-(l-ethyl-2-phenyl-3-indolyliminomethyl)-1-methyl-p-indolo 
4)quinoline|, orange needles, m. p, 295-—297° (decomp.) (found: C, 82-1; H, 6-0; N, 
sH,,.N, requires C, 82-7; H, 5-5 N, 11-7% The methanolic extract, when 
yielded (-azadimethin-2-{indolo(3’ : 2’-3 : 4)quinoline|-3 L’’-ethyl-2’’-phenylindole 
itively named analogously to (IX)} (0-15 g.), yellow crystals, m. p. 261-—-264° to a 

liquid, after recrystallisation from much methanol (Found: C, 82-2; H, 6-0; N, 11-8 
, requires C, 82:7; H, 5-2; N, 12-05%) Che infrared spectrum of this compound has 
it 295: otherwise the spectra of the bases (1X) and (X) are closely similar, and the; 
trong band at 6-17 and 6-18 u respectively, which is in the region in which a band due to 
‘group would be expected 

1’-dimethylindolocyanine sulphonate (Villa—c; K Me, X C,H,SO,) was readily 

hen a solution of the salt (I Kk Me) (0-7 g.) and the indole (0-5 g., 1-1 mol in 

Cu and piperidine (0-25 c.« was boiled for 5 hr., concentrated, and cooled to 0 

ited sulphonate (0-65 g., 61%), when recrystallised from ethanol, formed deep red 

h a yellow reflex, m. p. 254-—255° (Found: C, 73-75; H, 5-2; N, 85. C,,H,,O,N, 
C, 74-0; H, 5-4; N, 8-5° 


Attempts to form a cyanine salt by the condensation of the salt (1; Kk Me) and quinoline-2 


ildehyce e indefinite result 
orption and sensitising properties of certain of the above compounds are given in 
the 
en sitisiny 
jitising extend 
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mys Kemarks 


510 615 \ ! ensitiser for p 
Cl/Br) emulsions 
550 * 670 * Kather better in negative 
I/Br) emulsions 
WY) 640 Good sensitiser in positive and 
580 * 665 * negative emulsions but 
does not sensitise in useful 
region 
H,*SO, 435 Oo sensitisation Desensitiser 
H.SO 402 ‘ trong desensitiser 
417* ‘ Moderately strong desensitise 
C,HyS0O, 162 Desensitiser 
C,HySO,) 450 Moderately strong desensitiser 


Annas, Were determined in methan solution except that for (VILB), which wa 


-ethoxyethanol The sensitising maxima were « rmined in chlorobromide emul 


me marked a which were in iodobrom« emulsion 
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The Oxidation of 2-Naphthylamine with Benzoyl Peroxide. 
By 5. F. D. Orr, Peter Sims, and (in part) D. MANson 


Che action of benzoyl peroxide on 2-naphthylamine and some related 
compounds has been investigated, and a number of products identified Che 
infrared spectra of some of these products are described 


BENZOYL PEROXIDE in chlorobenzene at 80° is known to give rise to free benzoate radicals, 
and the action of these radicals on polycyclic hydrocarbons has been examined by Roitt 
and Waters +* in an attempt to understand the relation between the chemical and the 
biological properties of these compounds. For the same reason we have examined the 
action of these radicals on the carcinogenic agent, 2-naphthylamine 

lhe principal product of the oxidation was a high-melting, coloured compound, which, 
from a consideration of the evidence presented below, appears to be di-(3-benzamido-1 : 4 
dihydro-4-oxonaphthylidene) (I; R Bz). When reduced with zinc and acetic acid, it 
gave a phenol which was readily re-oxidised by air, particularly in the presence of alkali. 
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rhe structure (11; R 3z) is assigned to it because on hydrolysis it yielded 3 : 3'-diamino 
4: 4’-dihydroxy-1 : 1’-dinaphthyl (II; R H), and on benzoylation the corresponding 
tetrabenzoate (II] Ik }3z) 

he structure of the aminophenol (II; R was proved by its synthesis by an 


dependent route 4 : 4’-dihydroxy-1 : 1’-dinaphthyl was treated with nitrous acid to 


ld a dinitroso-compound, which, because the para to the hydroxyl groups ar 
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ed with sodium dithionite to the diamine (II; RK H The amin 
if ; 


to the hydroxy 
f yy the phenol (iI Ik Bz) above, wa 1orn | \ ction oO! 
l-naphthyl benzoate with benzoyl peroxide in chlorobenzene ie benzoate 
the structure (III; R 3z) and this is confirmed by its infrared absory 
t identical with that of 2-benzamido-1 naphtl vl benzoate itself in the NH and 
s regions (Table The subsidiary peaks at ibout 3420 and 3393 cm.~! on the 


| groups in this compound for its tetrabenzoate, identical 


of the main NH stretching band, absent in the simple derivative 
, weak intramolecular hydrogen bonding,* 4p ving the benzoylox' 
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vith the benzoquinone seri 6 might be expected at about 1642 cm 
observed can be explained by the interacts through conjugatio! 
nus leophobi nitrogel ton the 


hould be corresp ingly increased, which is not observed 


f1¢ /re que 


; 1601 
3 1690 1601 
3 1689 1632, 160 


4! 76 1601. 1 
343 ] 1635, 1603, 


$440, 3422, 3305 i4 SO) 1638, 1607 
3400 

3439, 3423, 3° ] 1629, 161 

$440, 3420, 3393 i i 1626, 1604, 

$3653 1619 1603 

3361 } 1620 1506 

1634 L505 

1633 1504 


r overall 1 f (cf jalogous situation 


nitriles ‘ The second ibilits ould Ce] 8’ to a lower NH 
actually observed and, in this way pla e NH and tl 


ration of diacetan ile contirm hese assignm 


raised from the usual positions for a saturated 
1675cem." In this ca the positive charge on the: 
mpensate for if fect's being shared between the two acetyl group 


of the spectrum of the quinone (I; kk bz) is that band at 1506: 


as the quinone C=O band, and both are ex« 
iction of the C=O and C=C vibration 
in modes which have 
ity 
formation of the quin 


alkylanilines with benzo, 


himan 


2-Naphthvlamine 
radicals leads first to 


als of the type 


aan 


HINe 


benzoate radicals 
e] loxyamino-co! 
yl groups readily take 
benzamidophenol !) 
to the initial formatior 


» 2-be nzamido l naphthol 


wth Benz 


; 


1339 


amino-groups to 


the amino 
ortho-OU _ N 
oto nitrophe nv! benzoate, for 


Ito! ortho to 


howeve! 


inism in the case of 2 naphthy] 
ithy 
lrogen from this compound 


benzoate, followed by 


ation in the 4-position, yield the product (1; R = Bz 
I iphthol was treated witl } peroxide in ¢ 
formed and, uw acetamido-Ll-naphthol 
ired compound which probab ructur Ac). Th 
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oxidation of 2-benzamidonaphthalene were chromatographed on alumina a little 2-phenyl 

naphth-2 : l-oxazole was obtained Ihis oxidation also gave 2 : 2’-dibenzamido-l : 1’-di 

hthyl in good yield, together with the tetrabenzoate (III; I iz) described above 

xidation of 2-acetamidonaphthalene yielded a compound which, because it afforded 

diamino-4 : 4’-dihydroxy-1 ; 1’-dinaphthyl (11; R = H) on hydrolysis, was presumed 

3: 3’-diacetamido-4 ; 4’-dibenzoyloxy-1 : 1’-dinaphthyl (III; R Ac). Its infra 

was Closely similar to that of the corresponding benzamido-compound (III 

IX iz); the bands at 1744 and 1697 cm.™! are assigned to the benzoate and the acetamido 

carbonyl group respectively, and the NH absorption again showed the characteristics of an 
intramolecularly hydrogen-bonded system 

Oxidations of 2-acetamido- and 2-benzamido-naphthalene each yielded coloured com 


pounds which, on evidence described below, have been formulated as di-(3-N-acetylbenz 
amido-l : 4-dihydro-4-oxonaphthylidene) (V; R Ac, R’ Bz) and di-(3-dibenzoy! 
amino-1 t-dihydro 4-oxonaphthylidene) (V Kk hk’ bz), re spectively These com 
pounds were both reduced by zinc and acetic acid to the derivatives (II1; R = Ac and Bz 
respectively), but the reverse change could not be brought about, either with air or with 
benzoyl peroxide soth compounds were unaffected by hot dilute hydrochloric acid but 
were readily decomposed by potassium hydroxide in methanol in the cold to ammonia and 
unidentified amorphous substances. When the hydrolyses were stopped after a few 
minutes by the addition of water, products were extracted into chloroform giving solutions 
which, on spectrographic analysis, showed maxima at 5750 A. The compounds (I; R 
Ac and Bz) both show maxima at this wavelength rhe infrared spectrum of the di 
benzoyl! derivative (V; R hk’ Kz) showed bands at 1694 and 1633 cm. in chloroform 
olution which were assigned to the dibenzoylamino- and the quinonoid-carbonyl group 
respectively In this compound as formulated above, the nucleophobic nature of the 
nitrogen is shared with two benzoyl groups as well as with the quinonoid-carbonyl group 
rhe frequency of the latter would therefore be expected to be reduced much less than in the 
monobenzoyl compound (I; R Bz); at the same time the N-benzoyl-carbonyl frequency 
hould be considerably higher than for a normal benzanilide type of compound. In the 
pectrum of the compound formulated as (\ R Ac, R’ sz) analogous absorption 
bands were found and similar assignments made. In this case the upper band is split into 
two components as would be expected for a mixed acetyl-benzoyl compound, for the acety! 
carbonyl! group should absorb at some 20 cm.~! higher than the benzoyl. In neither case 
was absorption due to NH observed 

It will be seen that the assignment of the frequencies in the four quinones is similar, in 
that the lower frequency is attributed to the quinonoid-carbony! group in each case, and the 
ipper frequencies to the N-benzoyl or N-acetyl group, being respectively lower and higher 
than the values in the respective simple compounds. Flett '* has examined analogous 
benzamido- and acetamido-derivatives of anthraquinone, but was unable to make satis 
factory assignments. This was due to his expecting “both the quinone and the 
other carbonyl bond to be weaker, with lowered characteristic frequencies,’’ and his 
consequent attempt to assign the lowest frequency in each case to the benzamido- ot 
icetamido-group. The amido-carbonyl bond, however, is only weaker compared to a 
ketone and, as has been shown above, the sharing of the nucleophobic nitrogen atom with 
the two carbonyl groups leads to opposite effects in the two cases, compared to the simple 
quinone or amide Reassignment of Flett’s bands with that of the highest frequency 
ittributed to the benzamido- or acetamido-group gives results consistent among themselve 
ind with the present hgure 

\ further consideration confirming the respective assignments of the two bands in the 

neers some intensity measurement rhe integrated absorption intensit 
olution of the 1694 and 1633 cm.~! bands of libenzoyl compound (\ 


are 146 10* and 8-9 104 1. mole! cm. ectively, and of the 1715 
ind 1634 em.-! band of the acetyl-benzoyl compou é Ac, R’ Bz 
id OS 10* units respectively Now the amid ls in 2-benzamido-] 


vate, benzanilide, and acetanilide have values of 3-3, 3-2, and 3-4 104 units 
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pectively he values for the benzamido- and the acetamido-groups in the two com- 
ls above should each be quite close to these figur: that it is the upper bands which 


ibout the right intensity for the four amido-carbony! groups occurring in each case 


EXPERIMI 


lorobenzene and benzoyl perox : + puri described by Roitt and 
t oxidations were carried out under a slo tream of purifed nitrogen as 


hors, carbon dioxide evolved i om cted in weighed soda-lime tubes, 


In later experiments these precautions were omitte i t affecting either the nature or the 
yield of the product 

Oxidation of 2-Naphthvlamine 2-Naphthylami: in chlorobenzene (250 mil was 
heated to 80°, and benzovy!l peroxide (17 g.) (eith , olid or in chlorobenzene solution) was 
added at such a rate that the temperature remained at 78 2 Carbon dioxide (0-09 g.) was 
evolved and a dark green solid (2-8 g separated 1 hve lid crystallised from nitrobenzene 
yielded di-(3-benzamido-1 : 4-dihydro-4-oxvonapht) } | t yz) in dark green needles 
with a metallic lustre, m p. 332° (Found: C, 7 y 3! ioe Cy HyO WN, 
requires C, 78-15; H, 4:2; N, 54%) 


rhe chlorobenz : solution yielded benzoic acid (11-6 on extraction with aqueous 


22 


sodium ‘n carbonate rhe solution was dried (CaC| he chlorobenzene was removed 


inder reduced pressure, and the red oil was extracted wi oiling ether (10 150 ml.), to leave 
a brown amorphous solid (1-2 g.) which was not examine he combined ether extracts were 
evaporated to dryness and the residue was chromatographed on alumina (200 g.) (Savory and 
Moore 
When the alumina column was eluted with light p ile b. p. 60.—80°), two fractions 
were obtained which, on evaporation of the solvent <1 a colourless gum (80 mg.) and a 
fluorescent gum (100 mg.) respectively Klution of the column with benzene-light 
petroleum (b. p. 60-—-80°) (1: 5) yielded a series of fractions, with colours ranging from orange 
to yellow, which slowly deposited a yellow solid rhe combined fractions were evaporated to 
about 20 n more yellow solid separating The solid, recry llised from glacial acetic acid 
yielded 1 ; 2-5: 6-dibenzophenazine (230 mg.) in pale yellow needles, m. p. and mixed m. p. 284 
285° (Found: C, 85-5; H, 5-2; N, 10-1 Calc. for C, 1% 9 H H, 4:9; N, 9-9% The 


filtrate was evaporated to dryness and the residue was rect ed twice from ethanol, to yield 


9 ” 


2: 2’-azonaphthalene in red plates, m. p. and mixed m. p. 206—-207° (Found: N, 10-0. Cak 
0 \ p 0 
for CypH No y, 99% 

Elution of the column with benzene-light petroleum (b. | 1: 1) yielded a red 


olution which, on e' aporation, gave 2-benzamido-| ilthaq ym 2’-naphthylimide (1\ 
Ik NH Bz) (850 mg eparating from ethyl acetate red | vith a metallic lustre, m. p 
198—199° (Found: C, 80-3, 80-3; H, 4-7, 4-55 7" iw_N, requires C, 80-6; H, 
5; N, 70%) Light absorption (in ethanol Ma» ; 1800 A (e 24,000 and 6000 
When the column was eluted with acetone, two fract obtained which afforded a blue 
ind a brown powder respectively on evaporation of tl lvent These were not further 
ex imined 
Ma ) Preparation of 3°: 3’-Diar di} " ‘-dinaphthyl (11; BR 
Dih xy-l: 1’-dinaphthyl (14-3 g it } ml.) contaimmimng sodium hydroxide 
nd sodium nitrite (7 g.) was cooled to 0° and 160 ulphuric acid (100 ml.) was 
idded during 30 min., with stirring After 90 min. tl ry precipitate (14-6 g.) was centrifuged 
washed wi W A small amount wv tallised from pyridine, to yield 4: 4’ 
» Ee 111vOS0 *¢ dinat hthyl a ‘ low i] n. p nw Found N, 8&3 
requir NX, 8-1‘ 
nitroso-compound (4 g.), in an excess of 3 odium hydroxide vas heated to 50 
vith lium dithionite (8 g until the colour t »-compound disappeared The 
olution v cooled by the addition of ice and neutr ed i n-hydrochlioric acid, and the 
t yllected, washed with water, and di ved | t jueou 4°, hydrochloric acid 
with charcoal and an eq ( ne of concentrated hydrochloric acid 
which separated v rect illised by the addition of con 
to a solution in 4%, aq hlorie acid, to yield 3: 3’-d1 
naphthyl dihyds i 2 i ilvery-grey plates, m, p 
Capt ,O,N,Cl, require : y Che hydrochloride gave with 


colour which could be extracte t enzene 


uv 


j 


rating 


l 


littie zine 


‘i 


ul 


but 


Com 


illised from 


} 


Orr, Sims, and Manson lhe Oxidation of 
we (lll; KR Kz) separated from ethyl acetate in 1 263—-264 
O,N, requires C, 78-7; VN, 38% 

This comix chlorobenzene 


g.), im 


H, 42; N,39. CgH,, 
2-Benzamido-} naphthyl Benzoate 
ted at 80° with benzoyl peroxide 
3 20 ml.), dried 

and elution of the « 


and mixed m. p 
pectra of the two benzoates 


(1 g.) for 8 hi lution was washed 
iyvdrogen carbonate Cl, nd evaporated to dryne 
hyd I t Cal 

with ether y ielded } 


chromatographed on alumina 


omumn 
p 262-—263° with the 
Ihe infrared absorption 


‘ from ethyl acetate in needles, m 


If] kK iz 
4-dihydvo-4-ox0n aphthyliden Bz The 
Iz) (2 g.), zine dust (2 g.), and acetic acid (780 ml re heated together 
mixture became colourle The mixture was filtered ; 
l.), 3: 3’-dibenzamido-4 : 4’-dihydroxy-1: \’-dinaphthyl (11 
blue or pink powder It was purified by dissolving it in boiling 

dust and diluting the filtered solution it formed a whi 
t 250°) (Found: C, 77-6; H, 5-0; N, 54. Cy,H,,O,N, 
he phenol yielded a tetrabenzoate, separating from 
undepressed in admixture with (III R Bz), and 


f DLi-'3-benzamido-| 
ind immediately « 

Ix Bz) 

ace 


ater te 


274.—275° (darkening a 
BO H, 46 N, 53° ‘ 
dies, m. p. 261-263 
infrared absorption spectrum 
f 3: 3’-Dibenzamido-4 : 4'-dihydroxy 
2n-potassium hydroxide (25 ml 
water (100 ml.), acidified 


acid (100 ml.) was added to the filtrate, 3 
separating it recrystallised 


61-9; H, 5-0; N, 6-8. Cale. for 


1: 1’-dinaphthyl (Il; kK Bz rhe 
heated under reflux for 2 hr 
acid, and 


3’-diamino 


Wa 


2n-hydrochlori 


methanol« 
with 


on then diluted with 
: 


entrated hydrochlori« 
1; 1’-dinaphthyl dihydrochloride (950 mg.) 


cribed, in grey plates 360° (Found: (¢ 
C, 61:7; H, 47; N, 7-89) It formed a tetrabenzoate as needles (from ethy! 
261. 263°, undepressed in admixture with the benzoate (III k Bz) 
3: 3’-Dibenzamido-4 ; 4'-dihydroxy-1 ; 1’-dinaphthyl (11; kk Bz A current of 
olution of the phenol (1 g.) in 2n-sodium hydro 20 ml.) for 24 hr 
eparated Wi to yield 


m p 


wide 


i through a 
nitrobenzene, 


det BOO mg which 
|: 4-dihydro-4-oxonaphthylidene) 


crystallised from 
It Bz) in dark green needles p 


re 


$32 Found N, 57% 
l-naphthol 2-Benzamido-l-naphthol (500 mg.), in chlorobenze 


g.) at 80° as before and the product which separated 
1: 4-dihydro-4-oxonaphthy! 


2-Benzamid 
ited with benzoyl peroxide 
nitrobenzene, to 


(lg 
yield di-(3-benzamido 


and mixed m Found: N, 63% Thi 


15z) in dark green needles, m, p p. 332 
in infrared absorption spectrum identical with that of the product from the oxid 


2-Acetamido-l-naphthol (500 mg.) was simuilarl: 
I ¢ Ac) (220 


] naphth Hf v4 
4-dihydvo-4-oxonaphthylidey 
tre 


with a metallic lu 
requires C, 72-35; H 
1-2’-Naphthylim 


phthylamine 
of 2-Acetamid 
ield dit-(3-acetamido-l 
m nitrobenzene in green plate 
105 N, 68, 7:1 CoH yO, 
2-Benzamido-\ : 4-naphthaquinon 
heated under reflux with methanol 
poured into water, and the red powder collect 
KO 100 2-Amino-1 : 4-naphthaquinone 4-2’-naphthylimide 
a red powder, m, p. 136-——-138° (Found: C, 80-25; H, 40; N 
7; N, 04% Ihe infrared sy 


(found : ¢ 


Kk NHBz Phe 
ydroxide (50 ml.) for 
d and crystallised from 


[\ 


2N potassium 


‘ — 
Va 
| }) 
| formed 


ofl, ON,: C, 80-5; H, 4 
h that of the product which melted at about 135° obtained by Teuber and Jellinek.' 
100 


vectrum of this imide 


I\ é NH,) (100 meg in glacial acetic acid (5 ml.), was heated at 
min,, 2-2’-naphthylamine-1 

from benzen 

lation of 2-naphthylamin«e 


‘ 1triie 

thylamine (100 mg.) for 30 4-naphthaquinone 4-2 
e(1V; BR NH°C,,H,-8) (120 mg.) separated ; e it formed red needle 
lone and in admixture with the product from the ox 


Calc. for ¢ voll yIN, N, 6-6 


was kept overnight with a few droy 
4-2’-naphthylimide (IV R NH Ac separated 

formed purple needles, m, p, 209--210° (Found: N, 8-5. Cal 
ethanol Max. 3020 and 4800 A 25.000 and 6700 
p. 210 


' formed purple needle 


“@ (bound N, 65 
of acetic anhy 


kX NH,) (50 mg 


lV a 
|: 4-naphthaquinone 


‘ 


for antl yg! YeNe 


ht absorption (in 
from et nol 


» Acetamidonaphthaley 2-Acetamidonaphthalene 10 ¢ in chlorober 


uned by Pausacker ef al 
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Carbon dioxide (0-11 


at 80° with benzoyl peroxid 
id benzoic acid (5-8 g 58° ’ extraction with aqueous sodium 
extractio! 3:1 tamido-4 : 4°-dibenzovloxy-1 : 1’-di 
olume of ethyl acetate 
urless powder, m. p. 259 H, 4:8 N, 44, 46 
esC, 75-0: H, 4-6: N, 4-6% Hivdrol yf th duct with hot methanol 
In oate (II Ik 


ynate During this 
Ac) (3-1 g.) separated as a g 


ilroxide ; id subsequent benzo 
m p 258 259 
nzene solution was diluted with 
which recrystallised from 
| : 4-dihydro-4-oxonaphthy 
229° (decomp.) (Found : C, 7 | : . 5 a 
N 1-6° When the vellow i] \ yr bright 


h gave, in chloroform, a mage olution orobenzene solution wa 


tigated further 


Hf) N, requ re 


red powder Vas 


' i ler reduced pressure to leave a 

Oxidation f 2-Benzamidonaphthalene 2 

200 ml vas heated at 80° with benzoyl peroxide 
is evolved, and benzoic acid (7:3 g., 73%) was « 


before lution was then diluted with ether (500 ind kept 
ether, to yield d 


Benza I hth ne (5 w2.), in chlorobenzens 
Carbon dioxide (0-19 g 

ti ted from the chlorobenzene solution 

vernight at 0 Lhe red 


which separated recrystallised from « rm 


hydvo-4-oxonaphthylidene V; R I red ne ; with a golden lustre, 


183 185 ound 3-4 P ‘ f 3-8 ch formed a magenta 
yution in chloroform 
Ihe chlorobenzene solution was evaporated t der reduced pressure and the 
red oil was chromatographed on alumina | {f the column with light petroleum 
Lh p 60-— 80 ind evaporation of the solvent vielded which had a 
bright blue fluorescence in ultraviolet light The 
rystal hich separated were recrystallised fr 
2-phenylnaphth-2 ; l-oxazoie (15 mg.) in needle 
ith the product obtained by the method of Worm 


The column was eluted with light petroleum benzene mixture with a 
increasing proportion of benzene on evaporation, yielded 
2-benzamidonaphthalene, separating from b il ‘ m. p. and mixed m. p 

from the evaporation of the later fi ombined and recrystallised 
om benzene, to yield 2 : 2’-dibenzamid dinap! | (780 mg.) in prismatic 


235 —236° (lit.,% 235°) (Found : ¢ 
4-9; N, 57%) 
er-liquors from the recrystallisation 


ind the residue was fractionally 


82-05: | \ Cale. for ¢ 


mbined and 


mall amounts of two substance 20 mg 


ht petroleum (b, p. 60-80") in 1 ' f ound 
iilst the second (25 f ’ bly 2:3 i nid benzoylox 
from benzene-li 
H, 49; N, 42 
the column with ether-—acetone 
naphthyl Ill: R Bz 520 me 
p. 263—264° (Found: C, 78-5 
C, 78-7; H, 44; N, 3-8% V 


vith that of the tetrabenzoate deri 


ght 


73i ne 1 red a orption of this compound 


Li 
f the column with acetone yielded a 100 me 

) f the Compounds (V; R AY biz The com 
100 mg.), in acetic acid (5 ml.), were eac! dust (100 mg 
ippeared The mixture luted with water 


yuund (\ kK Ac, RK 4z lded Le iy y.) as 
m. p. and mixed m it ; 


i colourle 
bound 
ctra of the two compot 


60 meg et 
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261—262° undepressed in admixture with (III; R Bz). The infrared spectra of the two 
compounds were identical 

Infrared Spectva,-Spectra were measured on a Perkin-Elmer model 112 spectrometer, with 
a rock-salt prism from 5—-15 yu, and one of lithium fluoride in the 3 u region. Solutions in 
chloroform were measured in 1 or 3 mm. cells in the 6 » region, and in 3 or 18 mm. cells at 3 u 
Frequencies quoted should be accurate within 2cm,"! 
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ome analyses are by Mr, Oliver of the Microanalytical Laboratory, Imperial 
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271. Synthesis of Polycyclic Compounds. Part 111.* The Formation 
of as-Octahydrophenanthrene from the Isomeric 2-Phenethyleyclo 


he xcanols, 


By (Mrs.) Manjutt Ray, J. C. BARDHAN, and K. C. BHATTACHARYYA. 


’ 


A synthesis of 3-phenethyleyclohexanol is described rhis on cyclodehydr 
ition, like other isomeric alcohols examined in this connection, affords as-octa 


hydrophenanthrene 


hown by Bardhan and Sengupta? that 2-phenethyleyclohexanol! (1) on treatment 
hosphoric anhydride at 140° passed smoothly into as-octahydrophenanthrene (11), 

which could be readily dehydrogenated to phenanthren Ihe same octahydro 
phenanthrene (Ll) was obtained later by others? by the action of sulphuric acid or 
phosphoric acid on the tertiary alcohol (III). It is now generally recognised, however, that 


ill such cases the cyclisation proceeds through the olefin (1V), and the resultant product 


ariably contains also the spiran % (V) 
+ 
f 7 aay | 
. v4 4 SW <e" 


(ih) (Hit) (IV) (V) 


been shown * that 7-benzylisomenthol ® undergoes phenanthrene ring closure in 
ce of phosphoric anhydride, and the product on dehydrogenation furnishe 
lphenanthrene \s the reaction is somewhat unusual, it seemed of interest to 
the behaviour of 3-phenethyleyclohexanol (VI) under analogous conditions. 
yleyelohexane-1 : 3-dione ® (VII) was allowed to react with phosphoryl chloride,’ 
chloro-5-styryleyclohex-2-enone (VIII), which on hydrogenation over colloidal 


Il, J., 1956, 355 
ind Ss ngupta, ] 1932, 2520, 2708 
cience, 1933, 77, 289 Perlman, Davidson, and Bogert, /. Op», hem., 1936, 
und Ind., 1933, 461; Cook and Hewett, /., 1933, 1098 
liewett, and Lawrence, /., 1936, 71; Cook, Hewett, and RKobinsor , 1939, 168 
jogert, /. Org, Chem., 1941, 6, 105 
ind Adhya, /7., 1956, 260 
th, and Hughesdon, /., 1924, 125, 135; Read 
ler, Annalen, 1897, 204, 132 
ind Pratt, /., 1915, 107, 173 
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palladium ® furnished 3-phenethyleyelohexanone (IX [his on further reduction with 
odium and moist ether afforded the corresponding alcohol (VI) which, when heated in a 
vacuum with phosphoric anhydride, gave as-octahydrophenanthrene in a good yield, and 
this on dehydrogenation with selenium at 300—320° was converted almost quantitatively 


nto phenanthrene 


oO. Zs 


a a O: ~ 0 | f i 2 1 . 
. SRS Pies s 3: 


(VIN) (Vill) (1X) 


rhe formation of as-octahydrophenanthrene (11) from 3-phenethyleyclohexanol (V1), 

ch is without precedent, however, presents some interesting analogies with the cyclo 

lration * of the three isomeric alcohols (X), (XI), and (X11), all of which give Il-methy! 
in the presence of sulphuric acid or phosphoric acid 


C,H,-[CH,],"CH(OH)-CHy-CH, C,H, [CH,],"CH(OH)-CH, C,H, {CH,],"CH,yOH 
X) XI (XI) 


lhe physical properties of the as-octahydrophenanthrene described above are in good 
agreement with those previously recorded * for this hydrocarbon. From its method of 


formation it seems highly probable that it is free from contamination with the isomeri 
piran (V), although this has not been rigidly established 


EXPERIMENTAI 
5-Styryleyclohexane-1 3-dione * (VII) This substance has been prepared before, but the 
following procedure is much more expeditious A solution of sodium (23 g.) in absolute ethanol 
375 ml.) was heated with ethyl malonate (160 g.) and cinnamylideneacetone (b. p. 155 
156°/4 mm.) (172 g.) on the water-bath for 6 hi It was treated with water (400 ml.), and 
ethanol was removed on the water-bath. Aqueous potassium hydroxide (100 g. in 100 ml.) was 
then added, and the liquid made up to 1250 ml. by water and boiled in an open flask for 25 min 
It was filtered, acidified, and boiled as before until no more carbon dioxide was evolved, On 
cooling, the crystalline product (206 g.) was collected, washed with water, and purified from 
ethanol (charcoal It had m, p, 183-184?” (lit.,® 186 
vo-5-styrvicyclohex-2-enone (VIII) [he diketone (VII) (32-1 g.), suspended in dry 
75 ml.), was refluxed with phosphorus trichloride (6-5 ml.) on the water-bath for 
rhe chloroform was distilled off, the residue decomposed with ice-water, and the resulting 
ilsion extracted with ether, The ethereal solution was washed with 4% aqueous sodium 
hydroxide, then with water, dried, and distilled The ketone (VIII) (15 g@.) distilled 
ilmost constantly (b. p. 180-—-182°/4 mm.) (Found: Cl, 15-7 C,,H,,OCI requires ¢ 1, 15-3% 
3-Phenethylcyclohexanone (1X) A solution of the chloro-ketone (VIII) (13 g.) in ethanol 
50 ml.) was hydrogenated at 30° in the presence of gum arabic (0-1 g.), dissolved in water (5 m1.), 
and palladium chloride (0-1 g.) until hydrogen (4216 ml. Cak 4156 ml.) was absorbed (3 hr.) 
After filtration, the solution was evaporated to half its bull diluted with water, and extracted 
with ether The ethereal solution was washed, dried, and distilled The ketone (10-3 g 
having a faint but characteristic smell, had b. p. 152-—153°/6 mm. (Found: C, 831; H, 88 
C,4H,.0 requires C, 83-2; H, 89%). The semicarbazone crystallised from aqueous ethanol as 
piate m. p 181 182° (Found C, 69-6; H, 83 oF H,,ON, requires ( , 69-5; H, 82% 
3-Phenethylcyclohexanol (V1) A mixture of the above ketone (12 g.), ether (60 ml and 
1) ml.) was stirred mechanically, and sodium (12 g.) was introduced gradually with 
| cooling in ice-water When all the sodium d dissolved (4 hr.), the ethereal layer 
the alkaline solution was extracted with ether, and the combined ethereal) 
were washed with water, dried (K,CO,), and evaporated. 3-Phenethvicyclohexanol 
b. p. 152°/4 mm. (Found: C, 82-5; H, 99. C,,H,,O requires C, 82:4; H, 98% 
1911, 44, 2862 
Chem. Soc., 1934, 56, 1% 
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3-Alkylphenanthrenes. 
ADHYA, and K 


has been ex 
8-dimethyl-, 1: 2 
8-tetramethyl phenanthrene 


4 ind 3 
ing. 1;2:3 


ynthesis of alkylphenanthrenes was described starting 


CO,Et-(CH,)4°CO-CH(CO,Et)-*COMe 
y-ethoxycarbonyl-#-me thylbutyryl chloride ha 
acetoacetate ethyl 2-methyl-4 : 6-dioxohe ptane ] 
| with phenethyl bromide in presence of 
0-7-phenylhe ptane-1:5 dicarboxylate (II 
ulphuric at 0°, and the product on ly 
t-dihydro-l-naphthyl)-@-methylbutyric acid (III; R’ 
as dehydrogenated with sulphur, to yield ethyl 
4-methylbutyrate (LV Ik Et, R’ H), which 
then hydrolysis gay 3: 4-tetrahydro-3-methyl-l-oxophenanthrene (\ 
H Similarly, the es Ix Et, R’ H) on treatment with sodium 
methylation and hydrolysis afforded 1: 2:3: 4-tetrahydro 3-dimethyl-1 
hrene (\ Ik Oe Me) Ihe cyclic ketones (V; R H) and 
Me) on Clemmensen reduction and dehydrogenation, in the usual wa‘ 
2 : 3-dimethyl-phenanthrene * respectively 
1-Tetrahydro-3-methyl-1-oxophenanthrene (V; R R H) wa 
ultant alcohol dehydrated with 
to 1: 3-dimethy! 
prepared in a similar 
R’ H 


however, slightly 


eth 
continu 
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from 
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i new 
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ydrolysis furnished y-(2 
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developed in an analogous case. The properties and derivatives of these hydrocarbons 
agree with those recorded previously 


CO,Et-CH,-CHMe-CH,CO-CH(CO,£t)-COMe 


CHMe CHMe 
NCH,CO,Et ou CHyCc 


SCHCO)Et 


CH, 
‘efi, 


The action of an excess of methylmagnesium iodide on an ethereal solution of 1: 2:3: 4 
tetrahydro-3 : 8-dimethyl-l oxophenanthrene (\ | Me IX H) followed by 
dehydration and dehydrogenation, gave 1: ‘ trimethylphenanthrene,® which has been 

prepared recently by an alternative route nan analogous manner 1: 2: 3: 4-tetrahydro 
’ 3: 8-trimethyl-l-oxophenanthrene (\ Me vielded 1:2:3%: 8-tetra 
methylphenanthrene, characterised as its picrate 


EXPERIMENTAI 

v-E-thoxycarbonyl-8-methylbutync Acid kthy! crotonate (34-2 2.) and ethyl malonate (48 »@ 
M ere refluxed with a solution of sodium (1-2 g.) in absolute ethanol (60 ml.) for 6 hr., yielding 
ethyl a-ethoxycarbonyl-§-methylglutarate 7 (73 g.), b. p. 136——138°/3 mm his was converted 
into @-methylglutaric anhydride, b. p. 145-——148°/3 mm., m. p. 41°, and y-ethoxycarbony! 
methylbutyric acid, b. p. 141-—143°/3 mm., in the usual way.* 

Ethyl 2-Methyl-4 : 6-dioxoheptane-| : 5-dicarboxylat lo powdered sodium (10 g.) un 
ether (450 ml.), ethyl acetoacetate (56-4 ml.) in ether 25 m vas added slowly with cooling 
occasional swirling rhe suspension of the sodio-salt was cooled in a freezing mixture, and 
olution of y-ethoxycarbonyl-8 methylbutyryl chloride (from the acid, 75-3 g., and thionyl 
chloride, 33 ml.) in ether (150 ml.) was added dropwise with shaking After remaining in the 
cold overnight the mixture was gently refluxed for | hr., and tus product worked up in the usual 

On repeated distillation the diketo-este) had b. p. 155-—156°/3 mm. (Found 
H, 7-8 ( H,,O, requires C, 58-7 H 7° 


- icrimson colour with ethanol 


7 

loride and probably contains a little of tl , 
9. Methyl-4-ox0-7 phe nylhe plane 1:5 dicar' late < Hi The above diketo 
was added with shaking to an ice-cold s j of sodium (2-3 ¢.) in absolute 


} 10 ml ind next morning the clear solution was mixed with phenethyl bromide (18-5 g.) 
and heated at 90° for 18 hr On cooling, ice and a “ yhuric acid were tdded, and the 
organic layer was collected in ether The ethereal solu mn was washed, dried, and distilled 
rhe substituted hefo-ester (11; R’ H) formed a pale y yw Ol 7 p. 191--193°/3 mm 
Found C, 68-8: H, 8] Cooll,,O, requires ( } t gir t reddish-violet 

thanolic ferric chloride 
3: 4-dihydro-\-naphthyl)-8-meth ¢ H The ester (II; 


was added dropwise with vigorou ri luring min. to concentrated ulphuric 


and King, /., 1953, 4158; 1954, 1373 

haeland Koss, J imer. Chem. Soe f 1930, §2 j tus ied ,_ he 1942, 75, 1197 
1801, 24, 2887 
hire and Thorpe, /., 1905, 87, 1716 Ib ter ven vh Kemi, Min., G 
10; Linstead et al, J., 1950, 3332 
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40 ml.) cooled in a freezing mixture. The brownish liquid was stirred in the cold for 


n poured on powdered ice, and the mixture repeatedly extracted with ether 

ion was washed, dried, and evaporated rhe residual oil w hydrolysed 
ium hydroxide (3 g.) in water (3 ml.) and ethanol (: ul.) and worked up in the 
cid separated from aqueous acetic acid (charcoa , as prisms, m. p. 166 
H, 6-6. Cjghly, juires ©, 70-1; H, 6-5%, ! thyl ester had b 188 


j 


nd: C, 72-5; H, 7-9. CyoH,.O, requires ¢ 
/ 


l-naphthyl)-4-methylbulyn fcid (IN Ix ‘ he preceding « 
with sulphur (0-8 g.) at 240-—-260° for 2 hr., and the | luct on distillation gave 

b. p. 200-—206°/3 mm This was hydrolysed wit! ethanolic potassium 
the crude acid (7-5 g.) purified by esterification he ethyl ester (1V; R Kt 
202 —203°/3 mm. (Found C, 73-3: H, 7-4 oof 1,0, requires C, 73-1; H 

lrolvsis gave the acid t : 169 fror 


yt charcoal) (Found { 
( relly! ), require ( 

1- J etrahydro-3-methyl-1-oxophenanthrene \ I I H [he ester 1\ 
H) (9-8 zg benzene (25 ml.), and finely di codium (0-8 g.) were heated o1 


bath until the sodium dissolved and the liquid wa d with the crystalline sod 


of the condensation product (3 hr rhis was decomposed with ice and dilute hydro 
| the benzene layer isolated, washed with aqueous sodium carbonate, dried, 
Che crude oil (10 g.) was hydrolysed with hot hydrochloric acid (20 ml.) and 
for 10 hr rhe cyclic ketone, b. p. 182--183°/3 mm., solidified. From 
60— 80°) it formed prisms, m. p. 102—103° (Found; C, 85-9; H, 6-7. C,,H,,! 
H, 6-6' The semicarbazone crystallises from ethanol in plates, m. p. 262 
H, 6-4 Cygll, ON, requires C, 71-9; H, 63%) 

1. / etvahydvo-2 : 3-dimethyl-1-oxophenanthrene (V; KR’ H, R Me) The solid 

roduced by the Dieckmann condensation of the ester (1\ Kk Et, Rk H) (10 ¢ 


ind 


icetic 


} 


d sodium (0-9 g.), and benzene (25 ml.) was cooled in ice, methyl iodide (6 ml.) added, 

ction allowed to proceed at room temperature The mixture was then refluxed for 

the product (11 g.), isolated in the usual way, was hydrolysed with hydrochloric acid 
acid (44 ml.) as described above The oxo-compound (V~. R’ H, R” 

ifforded an oil (3-8 g.), b. p. 182—-187°/3 mm., which solidified and afforded 

eed m. p. 99°, from light petroleum (b. p. 40-60 Found C, 85-6; H, 7-2 
juires C, 85-7; H, o Che semicarbazone separated from ethanol in prism 

ecomp.) (Found ; ¢ . 7. Cy,H ON, requires C, 72-6; H, 6-7%). 

phenanthrene [he ketone (\ kK k’’ H) (1 g.) was reduced by boiling with 

10 ¢ concentrated hydrochloric ac id (15 ml and water (3 mil.) for 24 hr. 

1 over sodium 1: 2: 3: 4-tetrahydro-3-methylphenanthrene formed a pale yellow oil 
160 163° /3 mm. (Found C, 91-5; H, 8-2 ( igtly, Tequire C, 91-8; H, 8-2‘ > 
dehydrogenated h selenium (1 g.) at 310--320° for 24 hr rhe hydro 

1 and distilled ov lium, and recrystallised from ethanol in needles, m. p 

C, 93-8: H, 62 ile for ( setlis ( 93-7 H, 63% The picrate 

ethanol in needles, m. p. 136-137 our C, 59-5; H, 3-6. Calc. for 

,: C, 69-8; H, 35% Pschorr ” gives n 65° and 141°, and Haworth ” 

137-138" respec tively 

Dimethyl phenanthrene Ihe cyclic ketone (\ k H Me) was reduced by 


method, and the product distilled over sodium 2:3: 4-Tetrahydro-2 : 3-di 


l 
hrene had b p 165°/3 mm. (Pound C, 91-3; H, 8-7 ( satis requires C, 91-4; 
3-Dimethylphenanthrene, obtained on dehydrogenation with selenium, crystal 
nol in prisms, m. p. 78—-79 Found C, 93-4 H, 6-9 Cale. for ¢ riser ( 
Che picrate separated in orange needle from ethanol), m. p. 145-—146 
H, 40. Calc. for C,gH,,,C,H,O,N, C, 60-7 H, 39%) Fieser and 


give m, p.s 78-—78-5° and 146—-147°, and Haworth ef a/l.™ give 65-—66 ind 138 


methyl phenanthrene The ketone (V; R kK H) (1-2 ¢ in dry ether (30 ml 


low it room temperature to ethereal methylmagnesium iodide (from magnesium, 
vl iodide, 2 ml., and ether, 30 ml Che mixture was gently boiled for 4 hr., and 
with » and dilute sulphuric acid, the ethereal layer w separated and dried 
olvent removed The alcohol (1-2 g.) was heated with 100% formic acid 
and the product (1 g.) on dehydrogenation with selenium afforded 1 : 3-di 

hrene, which ¢ tallised from ethanol in pri n. p. 75—76° (lit.,3 76—7 
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6-7°%,) The picrate crystallises on thanol im orange needles, m p 
155°) (Found: C, 60-3; H, 4-0 
lrimethyl phenanthrene This was prey i y the action of methylmagnesium 
nl: 2:3: 4-tetrahydro-2 : 3-dimethyl-l-oxoply nthrene as described above It had 
180°/3 mm., but solidified; it recrystallised from ethanol as plates p. 58—59° (Found 
93-1 H, 7-3. Calc. for C,,H,,: C, 92:8; H, 7-2% Che picrate formed bright orange 
les (from ethanol), m. p. 181° (Found: C, 61-2; H, 4:3. Cale. for C,,Hy¢,CgH,O,N,: ¢ 
4.2° The trinitrobenzene derivative formed yellow needles (from ethanol), m. p 
bFieser and Daudt * record m, p.s 63-8 64-8", 187 188°, and 200-7 
Ethyl 2-Methyl-4-0x0-7-0-tolylheptane-1 : 5-dicarboxylate (Il; R’ Me rhis was prepared 
as described above for an analogous case, from sodium (2-3 g.), absolute ethanol (40 ml.), the 
ester (1) (28-6 g.), and 2-o0-tolylethyl bromide (19-0 g The keto-estey (11; R’ Me) (14 g.) 
b. p. 206—-208°/3 mm. (Found: C, 69-4; H, 84. C,,H,,O, requires C, 69-6; H, 8-3%), gave a 
positive ferric reaction 
y-(2-Carboxy-5-methyl-3 : 4-dihydro-1l-naphthyl) thylbutyn i (IL; R Me lhe 
preceding keto-ester was cyclised with concentrated sulphuric acid as described above and the 


POLS . respec tively 


product hydrolysed in the usual way. The acid (III; BR as purified by repeated 
crystallisation from dilute acetic acid (charcoal), and d colourless prisms, m. p, 212 
(Found: C, 70-9; H, 6-8. Cy, ,H ), requires C, 70-8; H, 6-9% » diethyl ester distills at 
200—-203°/3 mm, (Found; C, 73-1; H, 82. C,,H,,O, requires C, 73-2; H, 8-1%) 

y-(2-( avboxy-5-methyl-1-naphthyl)-6-methylbutyric Acid (1V; R H, R Me) The above 
diethyl ester was heated with sulpbur in the usual way and the product on hydrolysis gave the 
acid (IV; R m, Me), which recrystallised from acetic acid as needles, m. p. 202° 
(Found : , 71:3; H, 62. C,,H,,O, requires C, 71-3; H, 63% Che corresponding diethyl 
estey (1V; R (’ == Me) had b. p. 210—212°/3 mm. (Found 73-6; H, 76. Cy, HygO, 
13-7; H, 76%) 

1: 2:3: 4-Tetrahydro-3 : 8-dimethyl-1-oxophenanthres \ Kk Me, Kk H) Lhis was 
prepared according to Dieckmann’s procedure followed by hydrolysis of the product with 
hydrochloric-acetic acid Ihe ketone (b, p. 187---189°/3 mm.) readily solidified and from 
benzene—light petroleum (b, p. 60-—80°) formed prisms, m. p. 130° (Found; C, 85-9; H, 7-2, 


requires ( 


CygH,,.0 requires C, 85-7; H, 7:1%). The semicarbazone separated from aqueous ethanol in 
prisms, m. p. 275-—276° (Found: C, 72-2; H, 6-8. C,,H,,ON, requires C, 72-6; H, 67%) 

1; 2:3: 4-Tetvahydro-2: 3: 8-trimethyl-l-oxophenanthrene (V ; R’ Ag Me) rhe product 
of the sodium condensation described above was methylated and hydrolysed in the usual way 
The ketone (V; R . Me) (b. p. 192—194°/3 mm olidified and crystallised from light 
petroleum (b. p. 60-—80°) as needles, m. p. 133° (Found: C, 85-9; H, 7-6. C,,H,,O require 
C, 85-7; H, 75% Che semicarbazone separated from ethanol in prisms, m, p. 225° (Found 
C, 73-0; H, 7-1 Ci sH,,ON, requires C, 73-2; H, 7:1 

1 : 6- Dimethyl phenanthrene The cyclic ketone (\ : Me, It’ H) was reduced by 
Clemmensen’s method, and the product dehydrogenated with selenium lL: 6-Dimethylphen 
anthrene crystallised from methanol in plates, m. p. 87-88” (lit.,** 87-88") (Found; C, 93-4 
H, 6-9%,), and the picrate in orange needles, m. p. 139---140° (lit.,% 134°) (hound: C, 60-3; H 
44) /q) 

1: 6: 7-Lrimethylphenanthrene.-This was prepared in ; inalogous manner from the ketone 
V; R K Me It crystallised from absolute ethanol in plates, m, p, 124° (lit.,* 123 
124°) (Found: C, 92-9; H, 7-3%). The picrate, orange needles from ethanol, had m, p, 165 
166° (lit.,5 165-—166°) (Found: C, 61-1; H, 43%) 

3: 8-Trimethylphenanthrene The ketone (V : y ‘ & was treated 
methylmagnesium iodide from magnesium (0-7 g methy] 2.1 , and ether 
and the mixture boiled for 4 hr The alcoho as isolated, dehydrated, and 
ited as described above he pure hydrocarbon separated from absolute ethanol 

in needle m. p. 116° (lit. 116 (Found 92-9; H, 7:3%) The picrate 
lised from ethanol in orange needles, m. p. 174° (Ii 7 175°) (Found: C, 61-2; H 


and the trinitrobenzene derivative in bright yellow needles, m. p, 188° (lit.,* 188°) 


" 

1 

3: 8-Tetramethylphenanthrene, prepared similarly from the ketone (V; R’ It*’ 
tallised from absolute ethanol in needles, m. p. 96—-97° (Found C, 02-6; H, 7-7 

requires C, 92-3; H, 7-7%), and the picrate from ethanol in orange-red needles, m. p 

ound; C, 62-0; H,4°5. C,gH,,C,H,O,N, requires C, 62:2; H, 4-5 


& Tecnne ( ITA Received, October 31st, 1955 
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273. Vibrational Freque NCICS and Thermodynamic Prope rlies of 
KF luoro-, Chloro-, Bromo-, and lodo-benzene. 


By D. H. WHIFFEN. 


An assignment of all the fundamental vibration frequencies of fluoro 
benzene, chlorobenzene, bromobenzene, and iodobenzene is given in Table 1, 


d the spectroscopic thermodynamic properties are given in Table 3 


LHe majority of the Raman shifts of the halogeno-benzenes have been assigned b 
Kohlrausch and Wittik ? and the infrared and Raman spectra of fluorobenzene have been 
discussed by Smith, Ferguson, Hudson, and Nielsen.* The infrared spectra have bee: 
ured by Lecomte * who makes a partial assignment, and also at the National Bureau 
‘,5 The assignment suggested in Table | follows these authors toa considerabl 
extent and in it values are suggested for all the thirty fundamental frequencies of ea 
compound, so that the thermodynamic properties can be calculated 
ASSIGNMENT 
the first column of Table | is given a code letter designation for the vibration 
lance with the approximate mode diagrams of Randle and Whiffen ® which is reprinted 
i¢ Figure; the next column indicates the symmetry class, and this is followed by the 
chosen frequencies rhe molecules are isomorphous and belong to the Cg, symmetry 
group, and each possesses 11 A, class fundamental frequencies, 10 B,, 3 Ay, and 6 B, fr 
quenci but it 1s more convenient to discuss the values in terms of the approximaté 
description of the normal modes, rather than to take each mmetry class separately 
[he more certain assignments will be considered first and the three less well-established 
frequencies thereafter in sections (9), (10), and (11) 
(1) C-H_ Stretchings (Abbreviation vC-H).—There are five essentially C-H stretching 
nodes for each compound, whose frequencies must lie in the range 2950—3120 cm.~ by 
with other aromatic C-H frequencies.? But the summation frequencies k -}- m 
m, and 1 +-n are also in this range, and strong Fermi interactions are likely 
occur, 48 in benzene itself.*5 Consequently an extensive investigation with high resolution 
likely to be required to establish these frequencies and the suggestions of Table | ar 


extremely tentative Fortunately the thermodynamic properties are not very sensitive 


to the exact values chosen 
(2) CC Stretchings (vC-C) Phere are 2 A, and 3 B, modes which are essentially C~ 
tretching It is known that one of each class lies near 1600 cm.'!, being derived fron 
the degenerate Ee, benzene frequency near 1597 cm.-! It is only in the Raman 
pectrum of fluorobenzene that the two frequencies, k and |, are clearly resolved Phe 
1, frequencies related to the Fy, frequency of benzene at 1480 cm.-! must be those of the 
‘infrared ab orption of row m and the corresponding B, freq 
These lie some 30 cm."! lower, since this motion invol' ome admixture of C—X 
matio For the third B, frequency see section (10) bel 
I[n-plane C-H Deformations (8C—H) Chere are two vibrations whose frequenci 


st unchanged from those of benzene at 1178 and 1033 cm.-! and certainly 


iencies must be those of 


| to rows a and b; these frequencies appear plainly in the Raman spectra 
#8, frequencies will resemble those of the in-plane C-H deformations of mono 


zene Which ® are at 1158 and 1075 cm.~!, and rows ¢ and d list the value The 


ch and Wittik, Monaish., 1943, 74, 1 
berguson, Hudson, and Nielsen, /. C/ 

/. Phy Ktadium, 1037, 8, 480 

roleum Inst., Project 44 Infrared 


‘ Favaday Soc., 1950, 9, 100 
ul Whitten, Molecular Spectroscopy 


rhe Infra-red Spectra of Complex Molecu 
! li, and Poole, /., 1946, 316 
Hale, Herzfeld, Ing ind Poole 
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Properties of Fluoro Chloro Omu a 


but there can be little doubt 


110 
monosubstituted 


are obscured by q in bromo- an 

are at about 1068 cm.-! as in chlorol 
benzenes.* Indeed in the infrared spectrum ! of io 
mmetric in hape ind consistént with a mediur 


ind in other 

, CS, the 1060 cm t band 
tensity band at 1068 cm.! I he 
les in both the A, and the B, 
There seems to be no reason for the ex] frequency, c, not to lie at thi 
frequen the A, mode, a, would be depressed from its normal value 1175 em.~! by th 
idjacent X-sensitive mode, q, at 1220 cm.-' and {, class energy level v + y at 


l 
. The intensity of the 1156 cm.-! Rama 1 fluorobenzene, which 1s greater 
c, adds weight to this sugg 


IS as} 
frequency 1156 cm. for fluorobenzene is assign 
1 


Cla 


L183 cn 
tor ror the remaining By lrequenci 


ce 
W 
f 


Institute of 


ssion, from Randle and Whittier 


Petroleum, London, 1955, py 
I requencie Che extremely strong, polar, taman lines of row p certain! 
1, trigonal ring breathings in which the nt scarcely move 
plane C-H Deformations (xfC-H).-— The vest of the three B, C-H out-of 
ition frequencies, Tow f is known to ‘ trong infrared ab orption 


| the corresponding benzene 


the two A, frequencies is almost un 
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vibration at 849 cm.~' and is indicated by the medium-intensity Raman shifts of row g 
Kkow 1 corresponds to medium infrared absorption and accounts for a second B, mode; 


the frequencies are slightly below the corresponding deuterobenzene value ® of 922 cm."!. 


} 


Kov ind } are less evident in the fundamental spectra, but the evidence of the summation 
tones from 1700 to 2000 cm.-' indicates that these have been correctly chosen, as has been 


i Li 


discussed in detail elsewhere 

(6) Out-of-plane Ring Deformations (¢C—C).—The strong infrared bands of row v clearly 
correspond to the B, ring deformation in agreement with the calculated value '* of 698 cm.-! 
and the deuterobenzene value* also of 698 cm.". The A, frequencies are discussed in 
ection (Y 


FABLE | Assignment of fundamentals of C, 


| 
3067 306 K Zz ‘ S071 8067 $069 5065 
3053 d 3050 3050 
$040 we 3029 s02ZY 
S100 ‘ 3071 3069 
S072 3052 
1597 H92 1602 1603 1580 1583 
1597 Haz 1596 1580 1583 
1409 y2 1496 1496 1477 1479 
1460 xX 1445 1443 
1326 : x xx 1326 1322 
1290 28: ‘ 1205 271 1263 
1157 1174 1174 
1156 5! 1157 1157 
1066 1065 1065 1068 1068 
1020 1020 1021 1024 1026 1024 1020 
1009 1010 1003 1002 100] 1001 
YRO O82 UBD 987 UBS 990 
055 x xX 965 xX YO. xx 
BO6 900 902 xx 908 906 
831 831 830 832 832 $32 
752 752 759 740 741 735 737 
645 j xx 682 xX 681 
615 f 612 616 615 615 614 
100) . 404 
1220 1218 1085 10s: 1070 ] 1060 
8O6 807 701 702 669 1 654 
20 { f 519 415 418 $14 
405 ] 407 207 207 
501 496 4167 
241 196 


Xx frequen¢ v1 ‘ ‘ pectrum 


In-plane Ring Deformation (aC-C-C).—-One component of the degenerate ky 
vibration of benzene at 606 cm.~! is scarcely changed in mode for CgH,X and appear 
3, class frequency in row it is especially strong in the Raman spectra 
¢ Vibrations (X sens.) [here are six vibrational modes in which the 
moves with appreciable amplitude and consequently the frequencies ar 
to the mass of X rhe three A, frequencies give rise to strongly polarized Ramar 
have the frequencies given in rows q, r, and t rhe alternative assignments | 
re unacceptable as they place polarized Raman line frequencies in the B, cla 
ind t all involve appreciable C~X stretching and it would not be justified t 
particular row the C-X stretching frequencie In contrast only one B, mode 
to the mass of X and may be called the C—-X in-plane deformation mode. Th 
in row u agree with Garg’s approximate ca ions."% The two sensitive 


‘ 


for each molecule are given in rows y and x; the fluorobenzene frequencie 


Spectrochim. Acta, 19556, 7, 253 
discussion e ret 
1953, 22 
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at 499 and 241 cm.~' agree with the approximate calculations ' which gave 490 and 247 
cm.', The heavier halogens have rather lower frequencies, as is to be expected. Also 
the lowest B, frequency, row x, lies below the lowest B,, row u, which is consistent with a 
lower out-of-plane than in-plane deformation force constant; for aromatic C-H links the 
values! are 0-286 and 0-864 « 10° dynes/cm. respectively 
rhe discussion above has accounted for twenty-seven of the fundamentals in each case 
nd discussion of the remaining modes has been postponed to this point since the evidence 
involves summation frequencies of the more certain modes already given 
9) Out-of-piane A, Ring Deformation.—The missing A, ring deformation frequency, 
row w, cannot, from its symmetry class, involve any motion of the substituent. Depart- 
ures from the corresponding E,, benzene frequency at 405 cm.~! are therefore likely to 
be small since the C-C twisting force constant remains essentially unchanged 
Kohlrausch and Wittik! adduce experimental evidence for frequencies near 400 cm.! 
from the Raman spectra, while Table 2 shows that summation bands may be explained as 


2w, Vv w, Ww +g, w + i, and w + j, by use of this value Che last three are important 


TABLE 2. 


Cc) 


875 
906 


1105 

1190 

1250 

d XX 
xX 


1369 37 36f 1361 
1309 , 

xx O26 xx 

1623 a1) 1614 j 1619 


xx : 167 1666 
xx 
xx 
«x 


1939 


»ymbol 


ince the corresponding bands in the infrared spectrum of benzene® at 1248 and 
ire interpreted as summation bands of the 405 cm.-! Eq, frequency with the 
benzene equivalents |! of rows g, i, and j, namely, the degenerate £,, frequency at 849 cm.~! 
and the Bs, frequency at 985 cm. +. This evidence seems stronger than that for the value 
330 cm.-* in fluorobenzene.* The summation bands thought to require the value 330 cm.! 
have alternative explanations, namely: 565 {d u 561, d W 565); 653 (x 4+- w 
642, x u 647); 955 (A, fundamental); 1190 1186); 1789 (21 1792) ; 
3373 (m + u == $360 cm.~), 
( Stretching Frequency.—l{ Mair and Hor 1%, 16 are followed in placing the 


| 
l 


Phil. Tran 1955, 248, 131 
id Hornig, {. Chem. Phys., 1949, 17, 1236 
argument in favour of the new assi ‘ en F. A. Miller at the Ohio State 
lar Spectroscopy, 1956; J. Chem. | 
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ency of benzene at 1310 cm 


‘ the missing B, CH 
benzenes must have 


imilar values rhe infrared 
ich compound near 1320 em."!, 
favour of the former 
pectra W l 


tretching frequencies of the 


pectra show two possible 
row o, and near 1300 cm.!. The 


Raman 
set which correspond 


to Raman frequencies 
an acceptable attribution to the 1300 cm.-! frequen¢ lf 
obenzene frequency at 1326 cm.~! might be 1 t 1326 cm.-!, but no explanation 
B, fundamental could be found for the other frequencies of row o 
(-H In-plane Deformation Chere remain the highest B, ¢ 
ely to be only alittle lower than 1292 cm.~!, the value ® for deuterobenzene, and 
in row e are suggested Possible alternative candidates nearer 1230 cm. are 
orobably w g rhe suggestion * that the missing frequency is 875 cm.~! in fluoré 
ne would imply that this compound has C-H deformation force constants which are 
fferent from those in benzene 


" 
al 


H deformation: 


which 1s improbable. The summation frequencies 

can all be otherwise explained : 1190 (y y 1186); 1485 

1480); 1676 (t + a = 1676, t + c = 1676); 1939 (h + j = 1936); 2375 (a + 4 
2377). The 875 cm. frequency itself is | 
juencies m SBI, ¢ W 890 

36 cm.~! essential a 


olve 875 cm ! 


itisfactorily explained 

é u 884 cm.!, are all availabl 

a fundamental? for the frequ ncies that might involve thi 

be explained a 1735 (g j 1727, q t 1740); 2491 (n d 
2848 cm."! 1236 cm."! itself is 

ransition to at 


9480) 
probably w g 1231 cm.-!, which 
1, level, and the infrared band could derive part of its intensity 
ion with the 1220 cm.-! fundamental 

3, assignments are also 


upported by calculations for deuterobenzene 
tants ! 


‘ appropriate to the Mair and Hornig assignment for benzene. The 
ul to frequencies of 1314 and 1291 cm.~*, but the normal co-ordinates show 
re is considerable mixing of the C—C stretching and C-H deformation co-ordinate 
iis a third B, energy level in this frequency region, and the description of the three 
tretching fundamental, w i’summation, and C-H deformation 

implification of the true state of affairs 
ummation frequencies and their interpretation are given in Tabl 
the assignments have already ed and other comments are to be 
references cited...%!! The remaining points are not of 
to warrant detailed discussion, but Table 2 dos 
e of at least on explanation in terms of the 


in be seen that the assignment of any one halogenobenzene | 


has been made mort 
analogous vibrations of all fe 


is CH 


mport int 
been discu 
t ufhcient importance 
nt how that the frequencies ar¢ 

chosen fundamental! 
I msidering together the ur compounds Thi 
If a general rather 
essentially Table 1 of 
rpretations except in a few 
a misprint in the cla mation which should 
(ii) The frequency near 962 cm."! that of the A, mode h 
' belongs to the B, mode j. (i) The highest / 
ur: 1270 cm.~! rather than 1240 em.-! which is the 
rhe last row with frequencis 

b 

interesting that the frequencies of the 
unchanged in pa 
'? from 40 to 2-5 


motions are 


readily be extended to other monosubstituted be 
ubstituent wer 


lable 1 
(i) Line 2 eontain 
m le 


considered the result would be 
in agreement with the present int 


, C-H deformation mode 
ilue for the summiatior 
near 1663 cm.~! is more probably ** { 


halogenobenzenes are In many case 


ing from fluoro- to iodo-benzene despite the change of electro 


rhis implies that the force constants governing the carbor 
also unchanged. Apart from the specifically X-sensitiv: 
greatest frequency deviation seems to be 22 cm.~' in row f which is analogou 
liscussed in relation to Hammett’s « values by Bellamy.'® Rows k, |, m 

» more sensitive than the average, but they correspond to ring frequencic 
kely to be ma nsitive than the hy lrogen 1! 


ler 
pUCTICM 


1045 
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THERMODYNAMIC PROPERTI 


rhese fundamental frequencies were used to calculate the vibrational contributions to 
the thermodynamic properties; an average value between the infrared and Raman 
frequencies was used if these differed. For determining the rotational contributions 
accurate moments of inertia are available for fluoro- }® and chloro-benzene.*® For bromo 
and iodo-benzene the distances *! 1-86 4+. 0-03 A for C-Br and 2-08 +. 0-04 A for C-I1 were 
assumed and the moments of inertia calculated with the aid of the additional assumption 
that the moment of inertia of benzene itself could be assumed to be 148-0 x 10° about 
an axis in the plane of the ring rhis is the value found by Erlandsson ™*® for the 
mallest moment of chloro- and fluoro-benzene and is consistent with the Raman value 
for benzene obtained by Stoicheff.2* The limits of error given correspond to -+0-02 in 
tid" ,)/RT and S’/R. The total contributions are given in Table 3 which relates to 
1 mole of perfect gas at | atmosphere, Spin contributions are excluded, except through 
the intervention of the symmetry number, as are isotopic mixing term: rhe usual high 
temperature and harmonic oscillator approximations were made, and the computation 
was shortened by the use of the tables quoted by Pitzer ;** values of the fundamental 
constants were taken from the same source 

Calorimetric values for the liquid-state entropies and specific heats have been given by 

ll. From these, gas-state entropies can be obtained by using the latent-heat data 
ted by Jones and Bowden ** and interpolating the vapour pressures from Stull 


‘lu ii 
tropies at 2! are those given in 


ugye 
data.** If gas imperfections are neglected, the resulting 


PABLE 3. Thermodynamic 
273-16 2908-16 300 600 1000 


Fluor benzren 
29-31 20-87 29-91 
6-13 6-52 6°55 
35°44 36-39 36-46 
10°37 11-33 11-40 


Chlorvobense 
28-38 30°22 30-81 30-85 307 35-18 
540 6-49 6-00 10-28 
33°78 36-71 37°70 37°7 15°45 
8-13 10-84 } 18-36 


20-50 31-40 3: oe ’ 443 16-49 
61 “he i ) 5 ; 10-47 

35-11 : : : 3 ; 16-06 
8°43 


30°31 323 32-00 
79 D 7-24 an 
36-10 af 40-18 4-26 
}2-12 12-19 


Standard vapour entrof 
C,H, ] 
60-49 


79.9 
any 


lable 4, where they are compared with the spectroscopic val at the same temperature 
rhe calorimetric values are consistently lower by 2 rhis difference is rather 


frkiv F’ys., 1953, 7, 189. 

, 1954, 8, 341 
Z. phys. Chem., 1936, 94, B, 461 

|. Chem. Phys., 1953, 21, 1410 
Quantum Chemistry,’ Constable, London, 1953 
tmer. Chem. Soc., 1937, 69, 2726 
1 Bowden, Phil, Mag., 1946, 37, 480 

hy Chem., 1947, 99, 517 
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larger than Stull’s ™ estimate of 3°, as his error, though some allowance must be made for 
errors in the vapour pressures and latent heats. But the main uncertainty is possibly in 
the reliability of Stull’s extrapolation for the entropy change from 0° to 91° k, and a direct 
determination of specific heats below 91° k would be desirable. It is not easy to estimate 
errors in the spectroscopic values, which are uncertain owing to neglect of anharmonicity 
he use of liquid-state frequencies; also there is uncertainty of about 10 cm. in the 
alues of row w of Table 1. Providing there is no major error of assignment, the 
properties in Table 3 are probably correct within +0-2 in the quantities listed 


lun Cuemistry Department, THe University, 
EDGBASTON, BIRMINGHAM, 15 Received, November 21st, 1955 


274. Synthesis of Dilar-“C\benzoyl Peroxide from (*C|Benzene. 
By G. Ayrey and C. G. Moor 


Dijay-“C|benzoyl peroxide has been synthesised on the 1 mmole scale 
from {|“C\benzene via [ar-“C|benzoic acid and [ar-“C)benzoyl chloride. 

lrial syntheses with inactive compounds indicated an overall yield of 
10-50%, while radiochemical assay of the active peroxide indicated an 
overall yield of 35%. 


KueCENT studies in these laboratories of the polymerisation of vinylic monomers in the 
presence of natural rubber have demonstrated the importance of the initiating catalyst 
the reaction, viz., benzoyl peroxide leads to extensive rubber-polymer interaction 
grafting '’), but azotsobutyronitrile, while initiating polymerisation, does not caus 
ignificant interaction,’ A mechanistic study of the “ grafting’ process is being under 
taken using [C}-labelled initiators, and the present paper describes the synthesis of 
dijar-“C benzoyl peroxide from [C)benzene 
Ihe synthetic route chosen is shown in the following schem« 


(COCI)s AY ocd WY CO;H 
44% ~ —_—> 


“AICI, 


H,0, 
_ 
~NaOH 


taudinger’s method *® was used te convert benzene into benzoy! chloride, which was 
hydrolysed, without isolation, to benzoic acid. Trial syntheses on the 1 mmole scale gave 
yields of 80-95%, of substantially pure benzoic acid, and in the final radioactive synthesi 
05°, yield of [ar-“@C)benzoic acid was obtained. This was converted into the peroxide 

' % Experimental conditions influence the yield of peroxide con 
iderably An excess of sodium hydroxide considerably reduces the yield, probably by 
drolysis of the peroxide before it could be isolated, while addition of a trace of oleic acid 
ilying agent increase the yvield.* Pure inactive benzoyl chloride gave vields of 
peroxide up to 85%, but when the benzoyl chloride was prepared from benzoic acid the 


by reaction as shown 


| of peroxide was lowered to 50—55%, based on the acid, probably owing to partial 


Merrett, Tvans. Faraday Soc., 1954, 60, 759 

taudinger, Ber., 1908, 41, 3558 

Vanino and Herzer, Arch. Pharm., 1915, 268, 426; Gambarjan, Ber., 1909, 42, 4004 
* Oosterhuis, Dutch P., 51,008/1941 
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loss of benzoyl chloride during the removal of unchanged thionyl chloride and the resultant 
inability to assess the correct amount of sodium hydroxide to be used. Rigorous removal 
of thiony! chloride was imperative for the successful synthesis of the peroxide since small 
amounts remaining are readily converted by the sodium hydroxide into sulphite which then 
is oxidised by the hydrogen peroxide, thus resulting in loss of both reagents 

The difar-“C}benzoyl peroxide was diluted with pure inactive peroxide, equilibrated 
in chloroform, and precipitated with methanol to give diiar-“C)benzoyl peroxide (1) 
A second sample (2) of the peroxide was obtained from the mother-liquors of the first 
sample, and its radiochemical purity demonstrated by two dilution experiments involving 


recrystallisations from different solvents to give samples (3) and (4). Table 1 indicates 


fABLE 1. Radtochemical assay of dijar-“C\benzoyl peroxide 
Sample 2 3 
6-45 10¢* 1-34 10° 

1-38 = 10° 


2) and the known dilution factors 


Observed activity (counts/min./mmole) ..... “TE 10 
Calculated activity * (counts/min./mmole) ... 2-8: 10 


Based on the specific activity of sample 


the radiochemical purities. From the specific activities and the counting efficiency of the 
Geiger—Miiller tube (determined by radioassay of compounds of known specific activity) it 
was calculated that the radiochemical yield of the peroxide was 35°% based on MC benzene 


EXPERIMENTAL 


Inactive Materials Commercial benzoyl peroxide was recrystallised twice from ether, then 


once from acetone, precipitated twice from chloroform with methanol, and dried in vacuo, to 


Fic. | 


Fig. 2 


give pure peroxide (Found : C, 60-4; H,4-2. Calc. forC,,H,, , 42 Analysi 
by Nozaki's method ® indicated a purity of 99-7%, Ke f ne vents were purified by 
i procedures or were of ‘‘ Analalkt "’ grade 

Benzoie Acid 4(|Benzene in carbon disulph 

dropping funnel A (see Fig. 1) by the following procedure 
tap Be 4 pen and I, and I, closed, the seal at B w 
mmole Oo Mc) wa 


vas introduced into the micro 
With the entire apparatu evacuated 
is broken, and {"C\benzene (0-078 g., 1 
distilled from tube C into tube D cooled in liquid oxygen laps 7, and 
I’, were then opened and carbon disulphide (4-0 ml is distilled from £ into D I, was then 
closed, the dropping funnel was detached from the vacuum manifold, and the contents of D 
were melted and mixed by gentle shaking Air was introduced through 7, into the dropping 
funnel which was attached to the apparatus shown in Fig. 2 at / rhe long capillary tube G 
prevented lo by evaporation. 
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275. The Colour of Organic Compounds. Part VIII.* A Comparison 
of Isomeric Dyes from 3: Ta-Diazaindan-\-one and -2-one. 


By Epwarp B. Knorr 


A 


N-2-Pyridylaminoacetic acid (II) has been cyclized by phosphorus tri- 
chloride to 3: 7a-diazaindan-l-one (IIJ). The latter contains a nucleophilic 
methylene-carbon atom and has been converted into methin and dimethin 
dye The absorptions of these dyes have been compared with those of 
isomeric dyes derived from 3: 7a-diazaindan-2-one (1), and the differences 
explained on the basis of the author's colour rule. 


Dyes derived from 3 : 7a-diazaindan-2-one (1) have been described ? and it was of interest 
to compare their spectral properties with those of isomers derived from 3 : 7a-diazaindan-| 
ie (III rhe required precursor of the amide (III) is N-2-pyridylaminoacetic acid (II), 
has been obtained by acid hydrolysis of the readily accessible N-2-pyridylamino 


mitrile,* 


_ 


“N° NHCH,CO,H “ 


(la) (Hl) (ith) (ita) 


» 


Whereas the diazaindan-2-one (1) is usually obtained by heating 1 : 2-dihydro 
/-imino-l-pyridylacetic acid {the isomer of (II)}| with mineral acid,‘ the acid (II) is 
le readily cyclized. With phosphorus trichloride at 95-—-100°, however, practically 
quantitative yields of the hydrochloride of the amide (III) are obtained. The hydro- 
chloride is deliquescent and unstable towards water or alcohol Conversion into dyes i 
therefore, best carried out in a solvent such as pyridine 

In this solvent and in the presence of triethylamine, the diazaindan-l-one hydro 

le (cf. ITI) readily condenses with 2-2’-acetanilidoviny]- or 2-alkylthio-derivatives of 

yclic quaternary ammonium salts, to yield merocyanine salts or bases, with ~-dimethy!- 

iminobenzaldehyde to give the benzylidene derivative, and with 5-ethoxymethylene-3 
ethylrhodanine to give an unsymmetrical oxonol. 

\ttempts to cyclize the hydrochloride of the acid 
(11) with hot acetic anhydride gave a dye forming 
ntensely blue solutions in neutral solvents and magenta 
olutions in acetic or mineral acids. This is believed 
to be the mesomethyloxonol (IV; R Me), possessing 
properties almost identical with those of the unsubsti 
tuted oxonol (IV; R H) obtained by treating the diazaindan-l-one hydrochloride with 
ethyl orthoformate in pyridine Ihese dyes are strongly adsorbed by proteins 

[he Absorption of Isomeric Dyes.—The Table shows the absorption, in three solvent 

: polarities, of a series of dimethinmerocyanines (V) and (VI), and of the oxonol 

ind of the p-dimethylaminobenzylidene derivatives of the diazaindanones (I) and 

Both p-dimethylaminobenzylidene derivative how bathochromic shifts when 
polarity is increased. This is expected, as related dyes are known to be 

ily, highly asymmetric,® the energy of the dipolar extreme structur being 


i Dormael, Mul OK him. Ivan 1949, 58, 167 4 \ tt, | 1951, 2033 

v, Charlton, Peak, and Short, /., 1954, 616 

|, Ber., 1924, §7, 1381 
7. Keyes, Sprague, Van Dyke, Van Lare, Van Zandt, White, Cr man, and Dent, /. Amer 
1951, 73, 56332 


1956) Knott: The Colour of Organic Compounds. Part VIII, 1361 


higher than that of the classical structure Whereas the shift of the 1-ketone dye when 
the solvent is changed from pyridine to aqueous pyridine is only 5 my, that of the isomer 
is 31 my Chis suggests that the former dye is much nearer to the isoenergetic point, as 
would be expected on the basis of the higher + M effect of the l-amide (I11) compared with 
the isomer (1) (see below) and of the following considerations. A model of the benzylidene 
derivative of the 2-amide (1) shows that the two ring systems cannot be coplanar without 
serious bending of the bridge bond. This overcrowding can best be relieved by the 


OC-——N 


| 
CH-CH:C. A 
(V) 


Cc —-N 

) l 7 : | 
C:CH-CH:C ys Cre Cree 
N’ N *-N N 
R kK 


(VI) (Vila) (Vid) 


rotation of the bridge bond attached to the phenylene group, which will increase still 
further its single-bond character and the energetic asymmetry of the molecule, with a 
resultant hypsochromic effect. On the other hand the deviation ® from the calculated 
degenerate mean value is +-44 my in both case Chis may mean that either the lattes 
value for the l-amide is too high or that for the isomer is too low That the latter altern 


ative is almost certain to be true is shown by models and by Fig. 1, a scale drawing of the 


ic. 1, 


2-oxo-oxonol, the value of the absorption of which partly determines the value of the 
calculated degenerate value of the dye in question. The marked overcrowding of thi 
two oxygen atoms must result in a considerable distortion of the diazaindan-2-one nuclei 
from coplanarity. The oxonol anion would contain a degenerate resonance system if it 
were a planar molecule, and it is known that small distortions of the bonds of such a system 
cause bathochromic shifts. When, however, large distortions occur, sufficient to weaken 
eriously the m-electron overlap in the system, then a loss of energetic symmetry would 
result, with a resultant hypsochromic shift Ihe 1-oxo-oxonol, on the other hand, ha 
as Fig. 2 shows, a planar molecule. 

With the exception of the dye (V) derived from 3-ethylbenzoxazoline all the planar 
merocyanines (V) and (VI) show hypsochromic shifts with increasing solvent polarity (se¢ 
also Knott”). In general, the shift is larger for the l-oxo-dye. In the Table, the —M 


effect of nuclei A and consequently the polarity of the dyes increase on proceeding down 


the column rhe least polar of these dyes, from 3-ethylbenzoxazoline and the 2-amide, 
still shows a slight bathochromic shift with increasing solvent polarity but this shift is 
reversed to hypsochromic in its isomer from the l-amide Chis indicates that in the latter 
case the dipolar extreme structure of the dye is of lower energy than the classical structure 
ind must result from the higher +-M effect of diazaindan-l-one (III) compared with that 
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Brooker and Sprague, ]. Amer. Chem. Soc., 1941, 68, 3243 
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The Colour of Organi mpound Part VITI, 136: 


ce of adjacent atoms of unlike charge, but decreas« : significance of forms (Vla 


virtue of the presence of atoms of has cording to the author’s colour 


he operation of (i) will cause a hypsochromi dye (V) and a bathochromi 
r the dye (VI t.¢., it will result in a hig i I olour value for the diazaindan- 
than for the isomer (I), as is the case 


E.XPERIMI 


1 Hvydrochlorid 2-P lamimoacetonitrile ®? (53 g and 

were heated on a t th tor nin, and then evaporated to 

ike was ground to a po | extracted wit ot methanol The 

dryness and the re | hydrochloric acid 
f crystals separated 

lurry in propan-2-ol, chill lected The hydrochloride (57 g., 

t colourless needles, m. p. ca. 190 th pre d 


olution was concentrate 


I irkening, from methanol 
( 44:2: H, 5-0 N, 14-7 18-65 ( H,O,N,Cl requires ¢ 44-55 
1, 18-85°,) A solution the hydrochloride IS-SS g@ 


4 @.) in boiling water (50 ¢ ified on chilling 


ind sodum 
lhe free amino-acid 
little ice-water and recr\ 
120° and 165° with needles breaking to a 
methanol (Found | . » C,H,ON,, HO 
16-45% 
Hydyrochlorid -Pyridy] cetic acid hydrochloride (10 ¢ 


i colourless needles 


ride (50 c. were heated ur r reflu ) m-t w 3 hi Lhe 
a transitory pink coloration irred ry , ) slowly separated 
idded and the pale green g1 : collected They were difficult t 
1. 190° (decomp.) (Foun 


) 
H,ON,CI requires 

lan-1-one)mesomethyl met} ) [' V-2-Pyridylamino 

ide (5-0 g.) dissolved under 1 1x inhydride ( to a yellow 

became magenta The m I i hen allowed to cool to 40 

iter (50 c.c.), and cooled to 20 

t (1 g., 284%) formed j re¢ ‘f indefinite m. p., from 

H, 3-85; N, 18-95. C,,H,, res 65-8; H, 4:1; N, 19-2° 


precipitated by addition of 


ndan-\-one\)methinoxonol (L\ 7a-Diazaindan-l-one hydro 
idine (10 c.c.), and ethyl orthoformate é were heated over a flame for 
eparated from the blue solution during this time Che dye, collected from 


1 dissolved n boiling wate! ntai itt acetic a id, and dilute 
is added slowly The green flak : 39°! vhich 

1 ethanol, and the dye was then « 
H, 3-85; N, 19-75. C,,H 
3-ethyl-2-thio-5-t 


eparated were 
lecomp, from 240 
N, 20-15% 
7a-Diazaindan 
5-ethoxymethylene thyl Ll! yridine (20 c. 


{ 
16 


) were refluxed for 30 mi pour into : id chilled over 


decanted from the I tl i I ed in ethanol 
rhe crystals whi parat were dissolved in 
nate and reprecipitate } acid ( was then 
iethylamine, and addition of al cil gave green needle 
N, 13-6; S, 21-15 »N re ‘ a 7e , 210 
2-ylidene-ethylidene)-3 7a-d nda } The hydrochloride 
2-2’-acetanilidovinylbenzoxazole et lid 35 g.), pyridine (15 c.c.), 
vere heated on a ‘am-ba for min Addition of aqueous 
recipitated the dye base (51%, ry rown-green threads, m, p. 237 
light petroleum b ) I f H, 5 15: P 13-6 
( TORS H, 4-9 i, Its Avd l obtained by passing 
ution of the > Th UP i7 ‘ rl f I iv’ Ii ~ i fl , 259 
yund: Cl 


lidene-ethyl ‘ 7 l ‘ (Obtained imilarly, in 
green needle m methanol (ound 


1% [ts ethiodide 


1364 Ross and Warwick 


) 


ned in 95%, yield in refluxing benzene (2 hr.) as green need p. 247° (Found 
J, 26-85. CoygllggON,IS requires N, 8-8; I, 26-6%) 

L-(1-E:thyl-1 : 2-dthydroquinolin-2-ylidene-ethylidene)-3 : Ta-diazaindan-l-one was similarly 
obtained in 70%, yield as green needles, m. p. 197°, from methanol (Found : C, 76-1; H, 5-2; N, 
13-2. Cggll,,ON, requires C, 76-2; H, 5-4; N, 13-35%) 

2-(1 : 2-Dihydro-\-methylpyrid-2-ylidene-ethylidene)-3 : 7a-diazaindan-l-one Dihydrate 2-2 

inylpyridine methiodide (3-4 g.), the hydrochloride (1-7 g.) of the amide (III), pyridine 
triethylamine (3 c.c.), and acetic anhydride (1 c. were heated on a steam-bath for 
The solution gradually became blue. Water (25 c.c.) was added and the orange solution 


0 formed was evaporated almost to dryness The solid (2-0 g.) was washed with cold water, and 


dissolved in boiling water, the solution being then filtered and basified with aqueous sodium 
carbonate Che dye base was collected from the chilled solution as green-brown threads, m. p 
124--125° (from water) (Found: C, 62-8; H, 5-8; N, 14-45. C,,H,,ON,,2H,O requires ( 
62-7! H, 56-0; N, 14-65% 
s- Methylbenzothiazolin-2-yladene)-3 : 7a-diazaindan-|-one 2-i-thylthiobenzothiazole etho 
p-sulphonate (2-0 g.), the hydrochloride (0-85 g.) of the amide (III), pyridine (10 c. 

id triethylamine (1-5 c.c.) were heated on a steam-bath for 15 min Precipitated with aqueou 
odium carbonate, the dye base (54%, y ield) formed orange needle m. p 256°, from benzene 
inol (Found: C, 65:2; H, 4-2; N, 142. C,,H,,ON,5 requires C, 65-0; H, 4:4; N, 14-25° 

Ll: 2-Dihydvo-\-methylquinolin-2-ylidene)-3 : Ta-diazaindan-1-one, obtained similarly in 58° 
yield, formed olive-green needles, m. p. 190°, from methanol (Found : C, 74-4; H, 4-9; N, 15-15 
H,,0 requires C, 74:15; H, 4-75; N, 153% 


2-p- Dimethylaminobenzylidene-3 : 7a-diazaindan-1|-one.--p-Vimethylaminobenzaldeh yd 


) 


ochloride (1-7 g.) of the amide (I11), pyridine (10 c.« ind triethylamine (1-5 « 
ed on a steam-bath for 30 min Addition of aqueous sodium carbonate gave | 
forming purple needles, m. p. 199°, from ethanol (Found: C, 72-4; H, 5-8 

N, requires C, 72-4; H, 5-65; N, 15-85%) 
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thor thanks Mr M. k. Weston for the preparation of some of the intermediat« 


Dennis for microanalyses, and Mr. R. Searle for absorption measurements 


RCH LABORATORY, KopaK Lrp 
rONE, HaRKROW, MIDDLESEX 1, October 2th, 1955 


Aryl-2-halogenoalkylamines, Part XVI.* The Preparation of 
Derivatives of 4-| Di-(2-chloroalkyl)amino \azobenzenes. 
By W. C. J. Ross and G. P. WArwIcK 


he preparation described of certain mono-, di ind tri-substituted 


ivatives of 4-[di-(2-chloroalkyl)aminojazobenzene \ brief report on the 


tivity of the compounds as tumour-growth inhibitors is given 


IN Part XLV * was outlined a new approach to the preparation of potentially cytotoxi 


compound This concerned aryldi-(2-chloroethyl)amines in which the chlorine atom 


vere relatively unreactive but which would become activated in a chemical sense if the 
ule underwent a change such as could readily occur in vivo. Derivatives of the azo 


ind (1) appeared to be particularly suitable for investigation since most of tl 


t substances contain chlorine atoms of low chemical reactivity whereas reduction 


lucts (hydrazo-compounds or amines), possibly formed 
be more reactive This compound and its 2’ carboxy derivative are known to inhibit the 


in the organism,” would certainly 


rowth of the transplanted Walker rat carcinoma, whereas the 4’-nitro- and 3’- and 4 
% Accordingly a large number of substituted 4-[di-(2 


arboxy-cderivatives are inactive 11-(2 
yijaminolazobenzenes has now been synthesised and examined 


]., 1955, 3835 


Warwick, and Roberts, 7/., 1955, 3110 

n, Ann. Chim. (France 1947, 2, 233 
dun Report Brit emf ve Cancer Campatgi 19052 § 
1053, 2386 


1956 Aryl-2-halogenoalkylamines. Part XVJ. L365 
; b . 

Most of the compounds were prepared by coupling the diazonium salt 

priate amine with NN-di-(2-chloroethyl)aniline or with its o- or m-substituted 

It was not possible to prepare a stable diazonium salt from NN-di-(2-chloro 


obtained from 


j 


ethyl)-p-ph lenediamine and so the altern: route employing this intermediate could 
not be followed 

Our results support the generally accepted view that the diazonium cation is an electro 
philic reagent and that electron-releasing substituents ortho to the point of coupling 
facilitate reaction. For example, all the 2-methyl and 2-methoxy-derivatives of compound 
[) we ery readily obtained—even the diazonium salt derived from o-anisidine which 


[) were very 
did not « ouple with NN-di-(2-chloroethyl)janiline gave these 2-substituted compounds 
On t other hand, an ortho-carboxy group hindered the Teaction and onl} the pr wertully 
couplir ilts deriv d from p nitroaniline and o-cyanoaniline yielded 2-carboxy-derivativ 

of (1 rhe 2: 2’-dicarboxy-derivative could not be obtained by direct coupling or by acid 


hydrolysis of the 2-carboxy-2’-cyano-derivative; in this case as elsewhere vigorous acid 
treatment resulted in the decomposition of the azo-com pom . 


but it afforded 4 


V-Di-(2-chloroethy])-o-anisidine did not couple very adily it 
irboxy-4-|di-(2-chloroethyl)amino]-3-methoxyazobenzene in low yield. The low reactivity 
ortho-substituted arylamines in coupling reactior ( idered to be due to the ster 
triction placed on the coplanarity of the sub tituted amin group with the benzene ring 

ith ¢ equent reduction of electron density at the para-couy ling position 
It is well established that electron-attracting groups in the aromatic ring of the 
azonium compound aid coupling whilst electron-releasing groups hinder it. In 
lance, it is now found that whereas the diazonium salt from m-toluidine and m 


inisidine coupled readily with NN-di-(2-chloroethyl)aniline the ortho- and para-isome: 
d more vigorous conditions : with o-anisidine no coupling has occurred under the 

tio} o far used. Some difficulty was experienced in preparing the 2’-pher 

itive of (1), but this is probably due to steric hindrance of the coupling reactio1 
Diazonium salts from the chloro-, bromo-, and nitro-anilines and from /-acetylanilin 
coupled very readily 
Although the diazonium salt from p-anisidine did not couple very easily with NN-di-(2 
chloroethyl)janiline it did so with the more basic NN-di-(2-hydroxyethyl)aniline It wa 
hoped to obtain the required chloroethylamine in better yield by the action of phosphory! 
chloride or phosphorus pentachloride on the hydroxyethylaminoazobenzene but experi 
ments with 4-[di-(2-hydroxyethyl)amino]-3’-methoxyazobenzene showed that charring and 
of azo-character occurred. It was considered that this might be due to the acid 
reaction conditions and so an attempt was made to prepare the chloro-derivative by th 
ction of thionyl chloride in pyridine: the product was apparently the cyclic sulphite (11) 


I 


/ . — / Cc CH y+ 
3 . —N y / SH CH yO. 
(ty 4% >-NIN~ ye NICH CH ¢ NIN }N 5 | 
V VA i(CHyCH, Cl), WA J y a po (I 
4 Noes 4 4 ¢ ( ‘ 
a 2 } MeO HyChHyO 


Diazotisation of 2-hydroxy-5-nitroaniline gave a red diazo-oxide which was soluble in 


ethanolic hydrochloric acid. There was little indication of coupling when NN-di 
hloroethyl)aniline was added to this solution at 0° but 2 hours’ heating at 40-——50° pave a 
5 yield of the required 2’-hydroxy-5’-nitro-derivativ The diazonium compound 


eared to be quite stable at this elevated temperature for no appreciable evolution of 


nits en was observed 


Hydrolysis Rate rhe rates of hydrolysis of a selection of the new compounds under 
the standard conditions * have been measured All but one of the compounds examine 
} low chemical reactivity (see Table) [he «¢ ption is the 4-[di-(2-chloroethy!] 
imi 3-methoxy-derivative whose high reactivity is a consequence of the greater basicity 
‘cf. J I lnnalen ), 367, 304 
Cf. Friedidnder, Monatsh., 1898, 19, 627 Ls ay 1805, 28, 243; Bamberger and 
Meimber thid., p. 1891; Gnehm and Blamer, Annalen, 1899, 304, 87 
kk /, 1949, 183 


Ro § and Warwi 


Aj l 2 halogenoalk yvlamine Parl 1367 
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o-group due to hindrance of coplanarity with the benzene rin The stro 
ucter is also reflected in the absorption spectrum which will be discussed in 
pape! 


uw Achiuity Monosubstitution in the 3’- and 4’-position of the 
[) leads in all the examples studied to loss of the biologi 


yh 
t 


active paren 
cal activity (Table 
the incorporation of electron-releasing groups into the molecule at the positio1 
azo-linkage does not lead to deactivation The 2’-carboxy-derivative com 
ory for its acidic group will be ionised under | logical conditions; the 
methyl ester almost certainly owes its activity to hydrolysis in 
compounds bearing electron-releasing ortho-substituent confirmed | 
nin the Table One of the most effective compounds is the 2’-carbox etl 
h contains two such substituents. It will be shown in a later paper tl 
ion often facilitates the reduction of the azo-linkage in neutral 
ception of the unsubstituted compound (1) and its 4’ 


olutio 
arboxy-3-metlh« 
‘ lovically ac ‘ minds have at | one substitue iT if 
DIOLORICa active compoun jave at least 0 ipstituent in a posit 
cage Provided that such a substituent is present further substitut 
position does not normally lead to lo ! activity Qn account ol 

f 


) 


ee abov 4’-carboxy-4-! di hloroethyl)amino |-3-metho 


from all the o azo-derivative 10 ed in that reductive 


linkage is probabl ] I ary to pr ympound 


/ mpo Vethod A (i 
id (6 ml.) and w: 10 ml! was conve 
te (0-02 mole) water (5 ml.), then adde 
aryldi(chloroalky] ine (0-02 mole) in ethanol 
collected 
tion time 
0-08 mole) in concen 
erted into the diazonium salt by 
ethanol (100 ml.) was added 
yas added dropwise during | br. to the 
and then the mixture was left overnight 
(i) but the reaction time was 1—5 \ 
1¢ preparation of the azo-sulphonic ac ids) 
i the amino-sulphonic acid (0-02 mol.) as descri Lu 
100 ml.) and to this was added the aryldi(chloroalk: f 101.) in etl 


tirriy was continued at room temperature for azo-com pr 


i@ azo-sulphonx cds were crystallise mount 
I} Ipl tall | I nt 
alkaline by sodium hydroxide (2N cle } of hydrochlor 


filtered solution, followed by 


ihe nitro-amun diazotised as in method A ihe prec 


rit 
[1 
i 


i 
! 
i 


concentrated hydrochloric acid (20 ml ind methanol (50 m 
poured int ion of the aryld 
nl heated wv several hours 
rated 
are recorded ij labk 
nverston f Imino-NN 
thyl Derivat hionyl chloride 
laminoazo-com px 2 g.) in pyrid 
heated for 5 m it 90°, then evay 
was pa sec through 
vhich after several « 
C, 56-0; H, 63; N, 11-5 


which appeared to be the cyclic sulphite (11) 


matic Diazo-compounds Arnold, Londo 1949, p. 10 
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Di(chloroethyl) aminoaso-derivative These were 
ribed by Koss,* the least volume of 50% acetone being used to etfect 
widity de 


| 
ed 


Hydrolysis Rates of the 


dex 


determined 
» aqueou solution Che 
eloped during the hydrolysis was determi y potentiometric titration 
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277. Synthesis of Oxyayanin-B. 
By R. N, Gort, A. C. JAIN, ar 


The partial methyl ether 


hod 


d T. R. SESHADRI 
, oxyayanin-b (1Va is been 


ynthesised by two 


A GENERAL method for the synthesis of flavonols of the quercetagetin series was recently 
described + which is particularly suitable for the preparation of partial methyl ethers 


having 5- and 6-hydroxy! groups. 


Oxyayanin-b * has now been synthesised; 3’-benzyl 
oxy-6-hydroxy-3 : 7 : 4’-trimethoxyflavone (II), prepared by the Allan-Robinson reaction 
from 2: 5-dihydroxy-w : 4-dimethoxyacetophenone (I) and the anhydride and sodium 
alt of O-benzylisovanillic acid, was condensed with hexamine 


During hydrolysis of the 


' O-CH,Ph 
Meo OH 
Woy 


de sce, 
| \ y yer 
CO-CH,OMe ae 


(1) 


MeO 
Holy Jco-cH, OMe 
OMe 


(V) 


__ O*CH,Ph 


ss ¢ - 
bcs i FOr ig" J OMe 
HOLS I ek apes 


PA 


OMe & 


(VI) 


product with hydrochloric acid, debenzylation also occurred, yielding 5-formyl]-6 
dihydroxy-3 4’-trimethoxyflavone (III) Subsequent Dakin oxidation 
oxyayanin-B (1 Va) having all the properties of the natural sample 

' Jain, Seshadri 


- 
/ 


3 
vielded 
and Sreenivasan, /., 1955, 3008 
King, King, and Stokes, /., 1954, 4587 


Synthesis of Oxyayanm B, 


Seshadri * can also be used Allan—Robinson « 

trimethoxyacetophenone (V) with the anhydr 

acid yielded 3’-benzylox hydroxy-3:5:7 
Vhich lerwent mooth 


‘ 


position, t » form OAVa 


I XPERIMI 
4-cir 


dium O-benzyli 
i the cooled produc 
After removal of alk 
1 dioxide wa passec 
yellow preci Bh c! il 1 fr Icoho deep 
190 ul O.! iy »gt1.2O, requ , 69-1 


no colour with ferric chloride and wa pi gly nh aquest 


s’-dihydroxy-3 : 7: 4’-trimethoa ¢ r) | ng flavone 
wetic acid (150 c.« and hexamin y 1 boiling ter bath for 
hydrochloric acid , 1c. was the! heating continued 
The resultin <ture was cooled, diluted with w r, al «tracted exha 
[he chloroform layer was washed with sodiu! rydre n carbonate 
vater, dried, and treated with ether ’ ; olul impurit vere filtered of 
olution was concentrated The re ( tallised from be: 
e yellow prism m. p 209 211° (0-8 gz.) si net h-brown colour 
ferric chloride and w oluble 5% aqueous sodiut bonate (found 
sO, requires C, 61:3; H : The 2 dinitt 1ylhydrazone c1 
is Orange low 286° (decon 
[Va l 


ridine 


shaken for 2 h hen neutralised 1 ng ind extracted 
extract washed with 
e-light petroleum a 
for C,,H,,O,: C, 60-0 


« 


ium and 


un pl 


6-/ >: 7: 4’ -letvamet/ flavor | 2 Dihydroxy 


cetophenone 32 O-benzylisovanillic anhydride ; al odium O 


6 were he d at 175-—180° under diminishes I ( hr. and we 
earher Lhe | | rystallised from a 
168—-169° (3+! nd; C, 66-7; H, 5-2 


ferric reaction 


min-B (1Va The above 6: 3’-dihydroxyflavone 4 re va reflu x¢ 
aluminium chloride (1 g,) in dry ether (20 c.c.) for 61 } is distilled 
omposed with dilute hydrochloric a id, Che pale yellow precipitate 
dried ty | by acetic anhydride—pyrid [hie tate 


Seshadr idiar Ss 1946, 234, 24 


N ucleotides. 1371 


needle n. pv. 2 } It we deacetylated by refluxing 


Lh; lb c. f | \! | was distilled off and water added 


cvayanin-bB, whi | t I tallised from ethyl acetate as 
! 
} al 1 mixed m 
6-hydroxy-3:5:7 : ramet! ia f f was refluxed with 
ric acid (30 c.« ind acet ‘ 20 « for The product was 
ind extracted wit! iloroform Lhe ext ated ; ibove, yielded 


214—216", 


278. Nucleotides. Part XXXV.* cycloPentanone Ozxime p-Nilro 
benzenesulphonate as an Intermediate in the Synthesis of Nucleotide 


Derivatives: an Alternative Synthesis of Adenosine-5' Triphosphate. 


r, W. KEN? I \LEXANDER R. Topp, 


’ " ! 
discovered imidoyi 


been Succe fully 
ylideneuridine-5’ 4 
multaneous production of I d symmetrical pyro 
ily be avoided when t ! on ¥ carried 
non-polar solvent The problet é \ I plication of 
1 in the nucleotide field are dis é 1 the n cted 
is exemplified by syntheses « “-adenosine-5’ pyro 
and adenosine-5’ triphos value of long-chain 


s for bringing nucleotide » been demonstrated 


nucleotide coenzymes are unsymmetri 1 P*-diesters of pyrophosphoric acid 
ve therefore in recent vears devoted able attention to the development 
for pyrophosphate synthesis. art > = ur related series ‘‘ Studies on 
ylation ’’ available methods were reviewed and a new method of potential valu 
me field was presented. This method depended on the Beckmann rearrange 

ne ester, preferably cyclopentano1 e p-nitrobenzenesulphonate (1) in 

alt of a dialkyl phosphate, to give an imidoyl phosphate (Il). The inter 

was not isolated but was direct! ibjecte o phosphorolysis producing a 
The method was d ynthesis of tetrabenzyl pyro 


diphenyl pyrophosphate C1 rion dition rhe present 


i, 1955, 4396 


Chase, Kenner, Todd, and Webb: 


\osphorochloridate route,4* provided a convenient starting point. Benzyl 2’ : 3’-0- 
yylideneuridine-5’ phosphate ® was converted into its tetra-n-butylammonium salt 
en brought into reaction with cyclopentanone oxime /-nitrobenzenesulphonate (1) 
rmediate (Il; R = 2’: 3’-O-tsopropylideneuridine-5’; R’ = benzyl) was treated 
with dibenzyl hydrogen phosphate in benzene solution, and the protecting 
were removed from the product (III; R = 2’; 3’-O-ssopropylideneuridine-5’, 
«= R’’ == benzyl) by treatment with m-cresol **® followed by hydrogenolysis in 
dic solution. The final product was examined by paper electrophoresis both in disodiu 
hydrogen phosphate and in potassium dihydrogen phosphate solution, since neither paper 
nor ion-exchange chromatography resolved satisfactorily mixtures of uridine-5' pyro 
phosphate and P'!P*-di(uridine-5’) pyrophosphate. It was thus established that the 
product contained uridine-5’ pyrophosphate (yield, 40°) and uridine-5’ phosphate as the 
ole nucleotidic constituents; no trace of the diuridine pyrophosphate could be detected 
When, however, the same sequence of operations was performed with triethylammonium 
or tetraethylammonium salts of the nucleotide derivative in nitromethane the product 
contained both uridine-5’ pyrophosphate and P'P*-di(uridine-5’) pyrophosphate, the latter 
, the major nucleotidic component. These results confirm our earlier conclusion * that 

he oxime sulphonate route is satisfactory for the synthesis of unsymmetrical pyrophos 
phates provided that non-polar solvents are employed: in polar solvents exchange 
reactions between the imidoyl phosphate and phosphate anions (as well as similar reactions 
involving the unsymmetrical pyrophosphate) are favoured and the unsymmetrical pyro 

phosphate is obtained in a complex mixture with the two related symmetrical esters 

[t was pointed out earlier that the removal of protecting groups without disrupting the 
molecule may be, at times, a formidable difficulty in the last stages of coenzyme synthesis 
and it was therefore desirable to explore the application of the oxime sulphonate route to 
less fully protected nucleotides. True, the starting materials in such applications would 
almost certainly be insoluble in non-polar media and, indeed, special methods would hav: 


) 
i 


to be employed to get them into solution, even in solvents such as dimethylformamide o1 


nitromethane. On the other hand, if free nucleotides rather than their monoesters wer« 
employed, the disadvantages of polar media might be offset to some extent by the reduced 
tendency to exchange reactions shown by diesters as compared with tetraesters of pyro- 
phosphoric acid, It was found after a number of trials that tri-n-octylamine can be used 
to bring many nucleotides into solution in dimethylformamide. Benzyl adenosine-5’ 
phosphate,’ an extremely insoluble nucleotide derivative, is only slightly soluble in a 
mixture of tri-n-octylamine and dimethylformamide but a suspension in this medium was 
treated with our reagent (1). P'P*-Dibenzyl P'P*-di(adenosine-5’) pyrophosphate wa 
produced since P'P*-di(adenosine-5’) pyrophosphate*®* was obtained after debenzylation 
with sodium iodide.® The yield from this reaction was low (18°/), doubtless because of the 
low solubility of the benzyl adenosine-5’ phosphate and the consequent rearrangement of 
the oxime ester (1) to the imidoyl sulphonate; it has already been shown that if the 
Beckmann rearrangement of the oxime ester is allowed to occur before any phosphate is 
idded the yield of pyrophosphate is re duced.* 
Adenosine-8’ phosphate dissolves completely in dimethylformamide containing tri-n 
imine. When allowed to react in this medium with the ester (1) in presence of benzy! 
ren phosphate it yielded P'-benzyl P*-adenosine-5’ pyrophosphate (III; R 


I’ Ie’ ae adenosine-5') which furnished adenosine-5’ pyropho 


on hydrogenolysis rhe two symmetrical pyrophosphates were also produced in 
iction, but in a series of experiments the yield of benzyl adenosine-5’ pyrophosphat« 
40°/,) was rather higher than that of dif(adenosine-5’) pyrophosphate (30%); a 
stantial amount of adenosine-5’ phosphate (30%) was recovered unchanged. It seemed 


Kenner, Todd, and Weymouth, /., 1952, 3675 

* Kenner, Todd, Webb, and Weymouth, /., 1954, 2288 
Corby, Kenner, and Todd, /., 1952, 3669 

* Curry, Ph.D. Thesis, Cambridge, 1952; Kenner and Mather, to be published, 
Baddiley and Todd, /., 1947, 648 

* Christie, Elmore, Kenner, Todd, and Weymouth, /., 1953, 2947 

| niyn, Kenner, Mather, and Todd, to be published 
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possible that formation of the symmetrical products might be greatly reduced by con 

ducting the reaction in two stages and using tetra-alkylammonium rather than trialkylam 

monium salts ; for, although polar solvents would be employed, an imidoy! phosphate such as 

(IV) would be unlikely to undergo exchange of phosphate anions in presence of another phos 

phate. However we were unable to detect any reaction between 

the salt (IV) [prepared from the ester (I) and bistetraethyl- 

ammonium benzyl! phosphate) and uridine-5’ phosphate. From 

these results we cone lude that the s« ope of the imidoyl phosphate 

method in effecting the condensation of trialkylammonium salts 

in dimethylformamide solution is generally similar to the earlier 

(IY) carbodi-imide method for pyridinium salts in pyridine solution,!” 

In any given instance one or other method may be preferred, but neither provides a 

direct logical synthesis of unsymmetrical P'/*-diesters of pyrophosphoric acid unaccom 

panied by symmetrical esters. The provision of such a synthetic route of general 

application would render the preparation of nucleotide coenzymes in quantity com 
paratively easy, and further experiments to this end will be reported later 

The carbodi-imide method has been applied with considerable success to the pre 

paration of adenosine-5’ triphosphate™ and uridine-5’ triphosphate.'* It seemed worth- 

while trying the oxime sulphonate method in the same kind of procedure, #.e., condensation 

of adenosine-5’ phosphate with excess of orthophosphoric acid. Anion-exchange chrom 

13 showed that a 40% yield of adenosine-5’ triphosphate was produced by the 


atography 
orthophosphoric acid (10 mols.), tri-n 


reaction between adenosine-5’ phosphate (1 mol.) 
octylamine (24 mols.), and cyclopentanone oxime /-nitrobenzenesulphonate (1) (7 mols.) 
rhe main difficulty in preparations of this general type lies in the separation of the desired 
product from the large quantities of inorganic polyphosphates produced; selective 
precipitation of the mercuric salts according to the classical method of Lohmann ™ leads to 
considerable losses. A convenient solution to the problem has been found in extraction 
with ethyl acetate containing tri-n-decylamine, the nucleotidic materials being then 
preferentially retained in the aqueous layer. After a few stages of countercurrent 
extraction, the nucleotides can be separated by anion-exchange chromatography in the 
usual way and the adenosine-5’ triphosphate isolated as its barium salt 


EXPERIMENTAI 


Tetva-n-butylammonium Benzyl 2’ : 3’-O-isoPropylideneuridine-S’ Phosphate.—Benzy| 
2’ : 3’-O-isopropylideneuridine-5’ phosphate* (0-614 g.) was added in small portions to a 
vigorously stirred suspension of silver carbonate (0-6 g.) in water (5 c.c.), The mixture wa: 
tirred for 15 min., then filtered, and the excess of silver carbonate was 
(5 ¢.c.) and acetone (5c.c.). The combined filtrate and washings were refluxed for 20 min. with 
tetra-n-butylammonium iodide “ (0-369 g., 1 mol.), the mixture was filtered, and the precipitated 
silver iodide washed with acetone (10 c.c.) and water (10 c.« The combined filtrate and 
washings were evaporated under reduced pressure and finally dried im vacuo over phosphoric 
3’-O-isopropylideneuridine-5’ phosphate (0-81 @., 


washed with water 


oxide, yielding tetra-n-butylammonium benzyl 2’ 
94%) as a colourless gum slightly soluble in benzene and readily so in chloroform and ethyl 
methyl ketone (Found: N, 6-0; P, 43. C,,H,,O,N,P requires N, 6-0; P, 45%) 

Uridine-5’ Pyvophosphate by Use of Tetra-n-butylammonium Benzyl 2’ ; 3’-O-isoPropylidene 
uvidine-5' Phosphate.—-The above tetra-n-butylammonium salt (0-213 g.) in ethyl methyl 
ketone (1 c.c.) and benzene (1 c.c.) was treated with cyclopentanone oxime p-nitrobenzene 
sulphonate? (0-072 g., 1 mol.), and the solution refluxed for 2 hr. and then evaporated under 
reduced pressure. A solution of dibenzyl hydrogen phosphate (0-069 g., 1 mol.) in benzene 
(2 c.c.) was then added, and the mixture refluxed for 14 hr. and then set aside at room temperature 


1 Khorana and Todd, J., 1953, 2267; Kenner, Todd, and Webb, /., 1954, 2843 
‘1! Khorana, |. Amer. Chem, Soc., 1954, 76, 3617 
‘2 Hall and Khorana, tbid., p. 6056. 
‘8 Cohn and Carter, thid., 1950, 72, 4273 
4 Lohmann, Biochem. Z., 1931, 233, 460 
Hager and Manel, /. Amer, Chem. Soc., 1926, 48, 2607 


Chase, Kenner, Todd and Webb 


ihe solution was washed successively with water (2 c.« with 2°, sodium hydrogen 
lution (2 c.c.), and with water (2 c.c.), dried (Na,SO,), and evaporated under reduced 

rhe residue was dissolved in m-cresol (2 c.c.), and the solution heated at 40° for 7 
» eflect partial debenzylation, Water (2 c.c.), ethanol (1 c. palladium oxide (ca. 5 mg.), 
lladised charcoal (ca. 5 mg. of 10%) were added and the mixture shaken overnight in an 
ere Of hydrogen. The filtered solution was extracted with ether (4 5 c.c.) to remove 


} 


the aqueous solution neutralised (to pH _7) with aqueous lithium hydroxide. 
ation of the neutralised solution by paper electrophoresis in 0-1mM-disodium hydrogen 
d in 0-Im-potassium dihydrogen phosphate buffer ee below) showed that 
ysphate and uridine-5’ pyrophosphate were the only nucleotidic materials present 
f the appropriate areas of the chromatograms with 0-In-hydrochloric acid 
ition of the optical densities of the solutions at 260 mu showed the ratio of the nucle 
uridine-5’ phosphate 53, uridine-5’ pyrophosphate 47% Che above neutralised 
iporated under reduced pressure to 1 c.c., a solution of barium acetate (0-3 g.) in 
dded, and the precipitate collected by centrifugation, washed successively with 
, ethanol (2 x 2 ¢.c.), and ether (2 c.c.), and dried in vacuo over phosphoric oxide 
t (0-16 g.) was shown by paper electrophoresis in the above-mentioned buffers to 
line-5’ pyrophosphate as the only nucleotidic material prese Paper chromato 
propyl alcohol-1% ammonium sulphate solution (3:2) confirmed the above 
howed also the presence of inorganic pyrophosphate after spraying with the per 
ammonium molybdate reagent.“ Determination of ultraviolet absorpti 
lution of the product showed that uridine-5’ pyrophospha uwccounted for 37 
f the crude material: the yield of barium uridine-5’ 


pyr phosphate was thus 0-06 ¢ 


he material behaved exactly as an authentic sample 4 when examined by anion 
paper-chromatographic, and paper-electrophoretic method 
ntheses of Uvidine-5’ Pyrophosphate using cycloPentanone Oxime p-Nitrobenzene 
1) To a solution of dibenzyl hydrogen phosphate (0-139 ind triethylamine 
mol.) in nitromethane (2-5 c.c.) cyclopentanone oxime / nitrobenzenesulphonate 
mol.) was added and the solution kept at room temperature for 2 hr, jenzyl 
ypylideneuridine-5’ phosphate (0-227 g., 1 mol.) was added, the solution kept at 
and the nucleotide fraction isolated and examined by paper electrophoresi 
e; the nucleotide material had the following composition: uridine-5’ phosphate 
pyrophosphate 10, P'P*-di(uridine-5’) pyrophosphate 65%; all products were 
mparison with authentic samples 
tion of dibenzyl hydrogen phosphate (0-278 5 l A (5 anc acetone 
titrated to pH 7 with tetraethylammonium hyd id ution, then evapor ited 
1 pressure, and the residue dried by repeated iporation with benzene and 
rhe dry gum was dissolved in nitromethane (5 « , cyclopentanone « 
ulphonate (0-284 g., 1 mol.) added, and the ution was kept at 25° for 3 
propylideneuridine-5’ phosphate (0-454 g., 1 mol is now added and 
room temperature for 16 hr. The nucleotidic fraction was isolated 


isual manner and shown to have the following nucleotide content uridine-5 


uridine-5’ pyrophosphate 12, P'/?-di(uridine-5’) pyrophosphate 44% 
ion benzyl 2’: 3’-O-isopropylideneuridine-5’ phosphate (1 mol.) was converted int 
hylammonium salt and the latter allowed to react in nitromethane first with 
» oxime p-nitrobenzenesulphonate (1 mol.) and then with dibenzyl hydrogen phosphate 


he product had the following nucleotide content: uridine-5’ phosphate 42, uridine-5 


sate 22, /*/*-di(uridine-5’) pyrophosphate 36%. 
of Benzyl Adenosine-b' Phosphate with cycloPentanone Oxime p Nitrobenzene 
Benzyl adenosine-5’ phosphate’ (0-22 g.) was suspended in a mixture of tri-n 


octylamine (0-23 c.c.) and dimethylformamide (2-5 c.c.), cycloPentanone oxime p-nitrobenzene 
ulphonate (0-124 g., 1 mol.) was added and the suspension vigorously shaken for 16 hr., after 


whi t} indissolved benzyl adenosine-5 phosphate (O-l g ' filt d off and the filtrate 
nder reduced pressure, The residue was dissolved in ethyl methyl ketone (10 c.c.) 

0-3 g.) added, and the solution heated to reflux : a precipitate was rapidly formed 

1 


collected, washed with acetone (10 c.c.), and dri ver phosphoric oxide 


vhen examined by paper chromatograph vit! » solven ystem 


ammonium hate (3: 2 nd n-butanol— ‘tic acid (6:3: 2 


sture, 1949, 164, 1107 
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found to contain J” P?-di(adenosine-5’) pyrophosy ield 18°) and unchanged adenosine-5 
benzyl phosphate 

Benzyl Dihydrogen Phosphate (with Dr. A { y Dibenzyl hydrogen phosphate 
(8-0 g.) in water (125 c.c.) and ethanol (125 c.c.) was shaken in an atmosphere of hydrogen with 
palladium oxide (0-4 g.). The rapid uptake of hydrogen was interrupted after 700 c.c. had been 
absorbed. Catalyst was removed and the solution extracted with chloroform (3 250 c.c.) 


Che dried (Na,SO,) extract was evaporated under reduced pressure, the residue dissolved in 
chloroform (50 c.c.), cyclohexylamine (4-35 g.) added, the solution cooled to 5°, and the precipitate 
7-2 g.) collected and washed with chloroform. Recrystallisation from aqueous acetone atiorded 


colourless needles (6-4 g., 55%), m. p, 233-235 When dried in vacuo at room temperature 
CaCl,) biscyclohexylammonium benzyl phosphate was obtained as the monohydrate (Found 
C, 56-2; H, 91; N, 64. C,,H,,0O,N,P,H,O requires C, 56-4; H, 92; N, 69%). Prolonged 
drying ’’ at 90°/1 mm. afforded cyclohexylammonium be hydrogen phosphate, m. p 
233-—235° undepressed on admixture with the bi hexvlammonium salt (Found: C, 544 
H, 8-0; N, 4-7. C,,H,O,NP requires C, 54:3; H, 7:7; N, 4-9! The henryl dihydrogen 
estey when regenerated from the cyclohexylammoniun ilt, crystallised from ethanol—benzene 
in colourless prisms, whose m. p., though sharp, varied between 85 and 118° according to the 
rate of heating (Found, in material dried im vacuo over V,O t room temperature; C, 45-0 
H, 4:7. C,H,O,P requires C, 44-7; H, 4-8 V he the benzyl dihydrogen ester wa 
directly isolated from the hydrogenation of diben: hydrogen phosphate without the inter 
mediate formation of the cyclohexylammonium salt it invariably accompanied by a second 
substance which separated from water in colourk prisms, m. p. 188-—-189° and appeared from 


its properties to be the ‘“‘ quarter sodium salt '’” of benzyl dihydrogen phosphate (Found : ¢ 
42-3; H, 4-1. C,,H,,O,P,Na requires C, 42-2; H, 4:3 


Adenosine-5' Pyvophosphate from Adenosint-5' Phosphate, Benzyl Dihydrogen Phosphate and 


cycloPentanone Oxime p-Nitrobenzenesulphonat 4 mixture of adenosine-5’ phosphate 
0-035 g.,), benzyl dihydrogen phosphate (0-095 g., 5 mol tri-n-octylamine (0-212 g., 6 mol 
dry benzene (5 c.c.), and dry dimethylformamide (20 « vas concentrated to 4 c.c. at atmo 
spheric pressure, then cooled to room temperature, and pentanone oxime p-nitrobenzene 
sulphonate (0-12 g., 4 mols.) was added. The mixture was kept at room temperature for 16 hr 
and then examined by paper chromatography on Whatman No. | paper, using n-butanol 
acetic acid—water (5: 2: 3) Five ultraviolet absorbing areas were present in the developed 
chromatogram which were identified by comparison with authentic specimens as (a) P'P*-di 
adenosine-5’) pyrophosphate (ty, 0-10), (b) adenosine-5’ phosphate (/ty, 0-30), (c) p-nitro 
benzenesulphonic acid (Ry, 0-64), and (d) benzyl dihydrogen phosphate and P!; /*-dibenzyl 
pyrophosphate, the fifth area (e) (Ry, 0-38) being tentatively assumed to represent the hitherto 
unknown P!-benzyl P*-adenosine-5’ pyrophosphate The reaction mixture was then run 
bands on sheets of Whatman No. 1 paper in the above lvent system, and the strips (/,, 0-3+ 
corresponding to (e) above were cut out and eluted with 10% aqueous acetic acid Che extract 
after concentration under reduced pressure (to 50 « is Shaken with palladium oxide (20 mg 
in an atmosphere of hydrogen for 18 hr., filtered, and concentrated under reduced pressure lhe 
concentrate was shown by paper electrophoresis in two buffet ten id by paper chrom 
itography (see below) to contain only adenosine-5’ pyroy phate and a trace of adenosine-5 
phosphate rhe yield of P'-benzy! P*-adenosine-5’ pyrophosphate | also of the adenosine-5 
pyrophosphate formed from it) was estimated in the iy by elution of the appropriate 
reas of chromatograms with dilute acid and deter f the optical density of the eluate 
it 260 mu In a number of experiments the \ lof P! ‘ e-5’ P*-benzyl pyrophosphate 
was 30—40% and that of the accompanyin pr, é e-5’) pyrophosphate an 
nged adenosine-5’ phosphate were each ca. 30 
{dey ne-S’ Triphosphate,-An anhydrou olutio f } tylamine (6 c.c., 24 mol 
ind phosphoric acid (from 1-0 g, of ' 88% " syruy hosphoric acid; 10 mols.) in dimethy! 
formamide (20 c. was prepared by repeated tion and evaporation of dimethyl 
formamide Adenosine-5’ phosphate (0-33 g.) was the uided and the solution evaporated 
to 12 ¢ loPentanone oxime p-nitrobenzenesulp! te (1:99 g., 7 mol was added to the 
pale ye rupy liquid, and the mixture wa | homogene OO min the 
olution v ept at room temperature for 15 hr., the ted th water (20 c.c.), and the 
mixture evaporated under reduced pressure to 20 c. olution of barium acetate (3-0 g.) in 
ite! yA Wit added, and the precipitate collecte f trilugatior and w hed wucce iveél 
vith ethanol (20 c.« water (20 c.c.), aqueous et oe 20 « ethanol (20 c.« and 


ether (20 c. The ernde barium salt so obtains trie n vacu ver phosphoric oxide 
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60° for 2 hr., giving a white powder (1-8 g.), Anion-exchange analysi 
ex-2 resin (chloride form) showed that 


of this barium salt on 
iate eluted with 0-In 


the adenosine-5’ triphosp! 
cid accounted for 70%, of the total nucleotides present. 

e barium salt (1-7 g.) was suspended in ice-water (40 « and barium precipitated 
yy dropwise addition of 0-6n-sulphuric acid. The precipit 

hloride (1-2 g.) added to the supernatant solution which wa 


ite was centrifuged off 


then diluted with water 

e solution was used as the lower phase of tube 0 in an eight-stage manually operated 
ter-current separation where the phas 

brating a solution of tri-n-decylamine 

of lithium chloride 


cs (60 c.c. each) had been previously prepared b 
(8 c.c.) in ethyl acetate (100 c.c.) with a 2% aqueou 
the contents of tubes 0—4 were combined, ammonia (4 « ; 
, and the mixture shaken for 30 min. The aqueous layer was separated and put on 
Dowex-2 resin (chloride form), The column was first eluted with 0-05n-hydro 

2-8 |), the eluate being discarded, and then with ice-cold 0-In-hydrocbloric acid 
iate being collected in a flask cooled to 0°, The first 150 c,c. of the 0-1N-hydrochlori 


te were discarded, and the next 1800 c.c. collected and extracted twice with a solution 
of tri-n-decylamine (36 c.c.) in ethyl acetate (600 c.c.). 


1 he aqueou 
uu I 


olution was then adjusted 
{1 8 with lithium hydroxide solution, washed with ethyl acetate (200 c.c.) 


, neutralised 
ith dilute hydrochloric acid, and evaporated, in vacuo, to 


25 c.c, Addition of barium 

0 g.) in water (20 c,c.) gave a white precipitate which was collected by centrifugation, 

uccessively with water, aqueous ethanol, 95% ethanol, and ether, and dried in vacuo 

phoric oxide Ihe barium adenosine-65’ triphosphate obtained (0-108 g., 33%) was 
paper chromatography on Whatman No, 1 

ulphate (3:2) to be the only nucleotidi 

te ” showed negligible (0-29 


bile, 1-46 


paper with isopropyl alcohol-1% 
material present 

4) contamination (Found N, 7:7; P total, 10-4% 
Cale. for Cyoll,,N ,O,,;P 43a, 6H,O : N, 7:9; P total, 105%; P total/P 


Determination of 


I 


trophovetic Data,--All migrations towards the negative pole. Bufier systems 
ium dihydrogen phosphate; B, 0-1m-disodium hydrogen phosphate. Whatman 
as used throughout Uridine derivatives were run for 9 h: adenosine 


at 200 yv 
16 hr. at 150 Vv, The results are tabulated. 


Migration (cm iffer Ry in system 
A 
phosphate +7 64 
pyrophosphate 59 } 47 
uridine-5’) pyrophosphate ‘7 K 45 


sine-5’ phosphate 
; pyrophosphate 
Di(adenosine-5’) pyropho 0-09 
ine-’ benzyl phosphate jf 0-61 
lenosine-5’ P*-benzylpyrophosphate 
ine-5’ triphosphate 


0-38 
yenzenesulphonic acid 


0-66 


graphic Data olvent system: C, tsopropyl alcohol-1% ammonium 
un on Whatman No. 1 paper previously soaked in 1% 
D, butan-1-ol 


iwetic acid- water (5 : 3: 3) on Whatman No lL paper, Result 


ammonium sulphate 


eful to the Rockefeller Foundation for generou 
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279. Triterpenoids. Part XLVIII.* Olean-13(18)-ene: Isomer- 
isation of Olean-12-ene and Related Hydrocarbons with Mineral Acid, 


By GEORGE BROWNLIE, M. B. | 
ROBERT STEVENSON, and W 
olean-13(18)-ene (I) has been obtaine 
the use of mineral acid. Treatment of ol 3(18)-ene (1), olean 
olean-18-ene (germanicene) (11 t ol 12-ene vith 
mineral acid gives the same equilibrium 1 tu f hydrocarbons, crystal 
n of which yields a mixed crystal of ol 3 ne (1) and 18a-olean 
(T\ This mixed crystal is identi vith the hydrocarbon 
{il ’’ obtained by Winterstein and Stein by Clemmensen reduction 
12-en-3-one 


2 


howed that Clemmensen reduction of taraxerone (skimmione ef. Koller 
trich, and Jeger *) gives an unsaturated hyds 1, Cogtigg, m. p. 189—190°, 
, which is identical with ‘‘ 6-amyrene-I11,"’ previously obtained by Winterstein 
imilar reduction of olean-12-en-: \ccording to Takeda, this hydro 
carbon lean-13(18)-ene (1), a view confirme: | ind his collaborators *® who 
found, however, that the hydrocarbon prepared by t iethod of Winterstein and Stein 
action of hydrochloric-acetic acid il ne ) is appreciably mor 
we 33°) than that obtained b am ein; the difference 
commented upon by Davy et al.® who believed that ir hydrocarl was pure! Dut 
a idy ol ( triterpenoid ketone friedelin, Bre Wi evenson, and otra 
overed that treatment of the derived hydrocar| friedelene with hydrochloric 
ves an isomer which 1s tindistinguishable from th drocarbon obtained 
ment of olean-12-ene (II). The spe ation of tl isomer, (a!) 20 
in good agreement with the values observed | ed for oli 14(18)-ene and 
Winterstein and Stein ® for 6-amyrene-ILI. 
The melting point and pecific rotatio! | in the literature tor preparations 
olean-13(18)-ene (I), in which the reaction mixtu id been exposed for a long time 
strong mineral acid, are annexed 


Method 
lean-12-en-< 
plean-12-en-¢ 

taraxecrone 
taraxerone 
AcOH 
AcOH 
j somerisation of olean-12-e1 
HCI-~AcOH 
PhOH + HCl 
ZnCl,-AcOH 


Irsprung, / 
38, 1268 


IV,” obtained * as an intermediat nm reduction of 
to “ B-amyrene-II1,"’ was shown b‘ t al » be a mixture of 


1), 456 


Japan, 1943, 68, 197 
Dietrich, and Jeger, H ( 
V tein innalen 33, 602 
lsall, and Jone s, / , 1951, 460 
ill, and Jones, thid., p, 458 


enson, and Stracha 


Brownhe, Fayez, Spring, Stevenson, and Strachan 


(Il) and olean-13(18)-ene (1). They also showed that the formation of 
is due to the fact that the reaction was not carried to completion. 
According to Beaton, Spring, Stevenson, and Stewart,’ a hydrocarbon obtained by a brief 
Clemmensen reduction of taraxerone by Koller e¢ al.* is a similar mixture. 

rhe relatively low levorotations of the hydrocarbons obtained by Corey and Ursprung ® 

ot difficult to explain, since the isolation of a hydrocarbon of constant specific rotation 
mixture obtained by acid-isomerisation of olean-12-ene (or from friedelene) 
: crystallisations of the product during which the rotation increases slowly 
The high lavorotations observed by Ames e al. and by 


7a yrene-l\ 


thi 


many 

10” to ca, 20", 
ul.” are, however, anomalous 

that treatment of olean-12-ene with hydrochloric-acetic acid gives a product 

10 2°, repeated crystallisation of which yields a hydrocarbon having 

2’. The specific rotation and melting point of this hydrocarbon are not 

by careful chromatography. The difficulty 

20° suggested that the initial reaction 

This view was confirmed by 


20°, with hydrochloric—aceti« 


by repeated crystallisation or 
‘ the isolation of the hydrocarbon of {a D 
z|,, ca, —10°) is an equilibrium mixture of isomers 
ition that treatment of the hydrocarbon of [a], 
10°. If the hydrocarbon, {«],, —20°. is pure olean 
a decision which led us to prepare 
Oleana-11 : 13(18)-dien 


erates the mixture of [a], 
this compound is not stable to mineral acid, 


18)-ene by methods in which mineral acid is not used 


vas hydrogenated over platinum prepared from platinum oxide from which trace 


ter-soluble platinum salts were removed by careful washing. The product, olean 


18)-en-36-ol,4%* was oxidised by the chromic acid-pyridine complex to olean-13(18 
the physical constants of which are in fair agreement with those of specimen 


by other methods,* with the differences that our preparation does not show a 


oftening before the melting point and its ultraviolet absorption spectrum does 
le low-intensity bands at 2430, 2510, and 2620 A. Reduction of olean-13(18) 
by the Wolff—Kishner method gives a hydrocarbon, m. p. 187-188", [a], —48 

In contrast with the behaviour of the product obtained by methods in which 

ral acid is used, this hydrocarbon is easily purified, and attains a constant specific 
tation after one crystallisation. We believe that it is pure olean-13(18)-ene and support 
opinion was obtained as follows 
13(18)-dien-36-0l was oxidised to oleana-11 : 13(18)-dien-3-one,'! Wolff- 
13(18)-diene, whose constants agree with those 
with 


QOleana-1Ll 

reduction of which gave oleana-11 
kuzicka et al.” for the hydrocarbon obtained by oxidation of olean-12-ene 

um dioxide. Hydrogenation of oleana-11 : 13(18)-diene over platinum (from purified 

gives olean-13(18)-ene, [a], —48°, identical with 

cimen obtained as described above. Jeger and his collaborators * reduced oleana 

4 27°. The 


18)-diene at 70-—-80° over platinum and obtained a hydrocarbon, [a], 
rotation of their product may have been due to the presence of traces of mineral 


im oxide) at room temperatur 


the reaction solution 
48°, is unstable to mineral acid Treatment of the hydro 


13(18)-ene, [a], 
th hydrochloric-acetic acid yields a mixture, [«],, —12°, from which, after repeated 
2%) 


a hydrocarbon, m. p. 187-—188°, of constant 
and this is identical with the hydrocarbon obtained by the same treatment 
With the object of identifying the hydrocarbon, [«]|,, —20°, olean-18-en¢ 

[11) and 18«-olean-12-ene (IV) were prepared, the former by the recorded 


| and the latter by oxidation of 18a-olean-12-en-38-ol with chromic acid—pyridine 
18a-olean-12-en-3-one rreatment 


pecific rotation, (a), 


by Woltf-Kishner reduction of the product, 


| nd Stewart, /., 1955, 2131 
in lable 
ka, Miller, and Schellenberg, Helv. Chim. Acta, 1939, 22, 767. 
ka and Jeger, ibid., 1041, 24, 1236 
pring and Stevenson, ] , 1956, 465 
jull. Soc. chim. France, 1949, 16, 427; Barton and Brox , 257; Halsall, Jones, 
/., 1952, 2862 
and Spring, J., 1955, 2125 
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of each of the hydrocarbons (III) and (1V) with hydrochloric—acetic acid gives a mixture, 
repeated crystallisation of which yields the hydrocarbon, [a], —20°, identical with the 
product obtained by similar treatment of either olean-12-ene or olean-13(18)-ene 
18a-Olean-12-ene, [a],, +37°, has m. p. 186—188° and olean-13(18)-ene, [«), —48", 
has m. p. 187—188° and random mixtures of the two hydrocarbons do not show greatly 
depressed melting points. This suggested that the hydrocarbon, [a], —20°, m. p. 187°, 
is an inseparable (or difficulty separable) mixed crystal of olean-13(18)-ene (2 parts) and 
18a-olean-12-ene (1 part). This view was confirmed by the preparation of a mixture of 
these two hydrocarbons in these proportions, a singie cry stallisation of which gave a hydro 
|» —20°, identical with that isolated from the mixtures obtained 
by treatment of olean-12-ene, olean-13(18)-ene, olean-18-ene, or 18a-olean-12-ene with 


’ 


carbon m. p. 186 187 ,\|@ 


hydrochloric—acetic acid. 
rhese experiments show that the equilibrium mixture, {a}, —10°, obtained from each of 
the hydrocarbons (1)—(IV) by treatment with mineral acid, is the same and contains 
olean-13(18)-ene and 18a-olean-12-ene. We betieve that these are the only components, 
because a mixture of the two hydrocarbons in the ratio 4: 3 is indistinguishable from the 
equilibrium mixture in its behaviour on crystallisation—the mixed crystal, [a],, —20°, is 
obtained. Further, a mixture of equal parts of 18«-olean-12-ene, olean-13(18)-ene, and 
germanicene differs from the equilibrium mixture since it forms crystals, the specific rotation 
of which (f«], --0°) does not change after five crystallisations. Although the mixed 
crystal of olean-13(18)-ene and 18a-olean-12-ene, | « 20°, could not be isolated from the 
three-component mixture by crystallisation, treatment of the latter with hydrochloric 
acetic acid gives the equilibrium mixture, [a 10°, from which the mixed crystal, [a], 
20°, was obtained by crystallisation. For these reasons, the behaviour of the hydro 


(1)—(IV) with mineral acid is represented as shown in the annexed scheme 


mineral acid-isomerisation of simple deri es of the hydrocarbons (I), (II), 
and (LV) probably follows the same pattern iat established for the parents 
nature of the product obtained by crystallisation of the equilibrium mixture will 
nd upon the relative solubilities of the two compone and upon any tendency to 
iluble mixed crystals. We have repeated the a isomerisation of olean-12-en- 

f. Ames et al.) and after a tedious fractiona tallisation isolated olean-13(18) 
Chis specimen has a slightly lower melting point than that obtained by oxidation 

13(18)-en-36-ol; like the latter preparation it gives pure olean-13(18)-ene, [a 

° when reduced by the Wolff-Kishner method 


Lrownhe, Fayez, Spring, Stevenson, and Strachan 


EXPERIMENTAL 


ere measured in CHCl, and ultraviolet absorption spectra in EtOH 
ina and light petroleum, b. p. 60-—80°, were used for chromatography. 
13(18)-en-36-al,—A solution of oleana-11 : 13(18)-dien-36-ol*® (m. p. 226—228°, [a], 
1-0 g.) in cyclohexane (50 c.c.) and acetic acid (180 c.c.) was shaken for 16 hr. with 
id platinum, The catalyst was prepared from platinum oxide (250 mg.) from which 
were removed by careful washing with distilled water Che product was isolated 
iy and crystallised from aqueous methanol, to yield olean-13(18)-en 
212-—213°, [a], —52° (c, 1-2). Lit.: 4 m. p. 213—213-5°, [a], —52 
50-8", 


one 4 mixture of olean-13(18)-en-34-ol (800 mg in pyridine (20 « 
obtained by adding chromium trioxide (800 1 to pyridine (30 c. 
ally for 16 hr., then diluted with ether, and the product was isolated in the 
but avoiding the use of mineral acid. Purificatior chromatography on alumina, 
' from acetone—methanol ga‘ ean-1: en-3-one, as blades 
9.2 


C, “'0) 
13(18)-diene A mixture of oleana-11 : 13(18)-d 3-one™ (m. p. 236-—-238 
400 mg.), sodium methoxide (from 1-0 g. of sodium) in methanol (40 c.c.), and 
drate (100%; 5 c.c.) was kept at 200° (autoclave wr 16 lit he product wa 
the usual way and crystallised from chloroform—methanol, to yield oleana-11 : 13 
blades, p. 217-218", [a], -- 66° (c, 1:3), Amgx 2420, 2500, and 2600 A (e 27,000 
30,000, and 20,000) pecimen prepared by oxidatio1 lean-12-ene witb selenium dioxide ® 
rom chloroform—methanol as blades » 218 : 55° (c, 0-9), Lit. : *! 
219”, a”; Mm. p. 222-—224”, [a], 
4(18)-ene . solution of oleana-11 : 13(18)-diene (240 mg.) in cyclohexane (50 c.« 
id (1560 c. is Shaken for 17 hr. with hydrogen and platinum (from 150 mg. of 
rking up in the usual way and three crystallisations of the product (m. p. 184—185 
)} from chloroform—methbanol yielded olean-13(18)-< is blades, m. p. 187-188 
48-5° (c, 1-4, 1°2), €gy9, 7000 (Found: C, 88-0 , 12 Cyl, requires C, 87-7 
b) Olean-1i n-3-one wi luced by the Wolff-Kishner method under the 
described aboy he product was worked up in e usual way, but avoiding the 
tallised from chloroform—methanol to yield olean-13(18)-ene 
187 is A different experiment gave olean-13(18 
50 4 


A 


ne . solution of 18«-olean-12-en-34-yl aceta sSudziarek 


vith lithium aluminium hydride, to give 4 -O 1-1 2-en-36-ol as fibrou 
! ethanol), m, p. 209-—210", . _ ae Allan and 


50°, for this compound 4 mixture of the alcohol (800 mgs 


prepared by adding chromium trioxide (800 mg.) to py1 

18 hr. with occasional shaking rhe product was isolated in the u 
: of mineral acid, and crystallised from chloroform—methanol to give 
née (660 mg.) as plates, m. p. 200-—-210°, [a], 80 , 2-2) (Found: C, 84-5 
sg requires C, 84-8; H, 11-4%). It gives a yellow colour with tetranitromethan 
12-ene Reduction of 18a-olean-12-en-3-one b : Wolff-—Kishner method 
, and crystallisation of the product from chloroform—methanol, yielded 18a-olean 
m, p. 186-188 t\, + 37° (c, 3-5) (Found; C, 87-7 H, 12-3 ( gotlgg Tequires 
It gives a yellow colour with tetranitromethane Mixtures of this hydro 
portions of ole 13(18)-ene, m. p. 187-188”, [a], 4s 


, melted at 
13(18)-ene~-LBa-Olean-12-ene Mixture,(a) Olean-12-ene (m. p 9—-161°, [a],, +94 
in hot acetic acid (150 c.c.) was treated during 15 min. with concentrated hydrochlori 
ind the mixture refluxed for 18 hr. and then evaporated under reduced pressure, 
3-0)} crystallised from chloroform-—methanol to give blades 
2-3 Several recrystallisation these from the same solvent 
rystal mixture (yield, 55%), m. p. 186-——187°, , 2-1), further recrystal 
f which did not change the melting px 
Germanicene ™ (olean-18-ene; m. p. 173 7’, , 50 mg.) was treated 


ny oF 


Manson, and Spring, /., 1951, 3336 
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hydrochloric- acetic acid as described under (a Che total equilibrium mixture had [a], — 10° 
(c, 3-0) and after three crystallisations from chloroform—methanol it gave the mixed crystal as 
blades (85 mg.), m. p. 186—187°, [a], —18° (c, 1-5 changed by recrystallisation, 
c) A solution of 18«-olean-12-ene (150 mg.) in acet id (120 c.c.) and concentrated hydro 
.c.) was refluxed for 18 hr. After several crystallisations from chloroforn 
duct formed blades, m 5 —186 tl 18° (c, 2-3), unchanged by 


treatment of olean-13(18)-ene ' : ave a product which crystallised 
rm-—methanol as blades, m. p. 182 / lhree recrystallisatio 
olvent gave the mixed crystal of 18«-ole: 2-ene and olean-13(18)-ene, m 
19-5° (c, 2-3), unchanged by rep di ystallisation 
4 mixture of olean-13(18)-ene, [a], 18° (40 mg.), and 18«-olean-12-ene (20 mg 
crystallised from chloroform—methanol, to give blades wl after recrystallisation from the 
ame solvent had m, p. 186—-187°, [a], —21° (¢, 3-1); the m and specific rotation did not 
change on recrystallisation 

A mixture of olean-13(18)-ene ([a}],, —48°; 50-4 mg.) and 18a-olean-12-ene (37-8 mg 
crystallised from chloroform—methaxol, gave blades m, p. 183-—186°, 13°, three crystal 
lisations of which from the same solvent gave the mixed crystal (45 mg.), p. 186-187", 

18° (c, 1-5), unchanged after further crystallisation 

f) A mixture of 18«-olean-12-ene (100 mg.), germanicene (100 mg.), and olean-13(18)-en« 

100 mg.) was crystallised five times fr chloroform—methanol during which the 

1°) did not change Che mixture was reconstituted and treated with hydro 

icetic acid as described above. The total equilibrium mixture had [a},, 10° (c, 2-6) 

after three crystallisations from chloroform-—methanol gave the mixed crystal (1256 mg.) 
ides, m P 186 187°, fa D 18° (c, 2-1) 

Che mixed crystals obtained by the methods (a f) were undepressed in m. p. when mixed 
with each other Treatment of the mixed crystal 19°, with hydrochloric-—acetiec acid, a 
described above, gave the equilibrium mixture which separated from chloroform—methanol a 

p. 184—-185°, [a], 10-4" (c, 1-0 ( ful chromatography of the mixed crystal 
did not parate it into its component 


lcid I-quilibration of Olean-12-en-3-one (cf. Ames ef al.* Olean-12-en-3-one (1:3 ¢ m. | 
178-——180°, [a], -+- 113°) in benzene (13 c.c.) was treated with acetic acid (110 c.c.) and concert 
trated sulphuric acid (19-5 c.c.), and the mixture warmed to 80°, then kept for 14 days at room 
temperature. The separated crystalline solid {530 mg., m. p. 165—-185°, [a},, +2° (e, 1-0)} 
was crystallised successively from chloroform—methanol, ethanol (twice), acetone-methanol, 
und ethanol, to yield olean-13(18)-en-3-one as blades, m. p. 194-—-197° (softening at 173 
A\y 10° (c, 2:1). A mixture with the specimen of olean-13(18)-en-3-one, m. p, 200-201 
described above had m, p. 194-—198°. The infrared spectra of the two specimen ere identical ; 
we thank Dr. G. Eglinton for making this comparis Keauction, by the Wolfi-Kishner 
process described above, of the specimen of olean-13(15)-en-3-one obtained by acid-isomerisation 
of olean-12-en-3-one, and crystallisation of the product from chloroform-methanol, gave 


olean-13(18)-ene as short needles, m. p. and mixed m, p. 184-185", [a 48” (c, 3-2) 


D 


We thank the Colonial Products Council and tl sriti neil for Scholarships (to G, B 
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Hydro hloric Acid. 


Cinnamic Acid and Phenols 


in Presence of 


A New Method for the Preparation of 3:4-Di 
hydro-4-phenyleoumarins. 


By J. D. Simpson and Henry Srery 
Keaction between cinnamic acid and phenols i 
} ru a 


a; the pre CQrice 
id provides a new method for the preparatio 
lcoumarins in good yields 


Crotonic acid doe 
milar condition 


of hydro 
of 3: 4-dihydro-4 
not with phenols 

4-dihydro-4-phenylcoumarins from cinnami 
concentrated sulphuric acid has been reported, he yields were | 
ng to ulphonation of the produc ts It ha 


now been found 
react readily with cinnamic acid in presence of concentrated 
c acid: if the phe 


acid and phe nol I! 


l but t 


VM 


nol has free ortho- and para-positions the 
imixture; ¢.g., from phenol, 3 : 4-dihydro-4-phenylcoumarin 
H) and 6 p hydroxy} I 


yhenyl-6-phenylpropionic acid are 
were the para-position 1 


occupied the coumarin onl) 
yields in each case were good 
the isomeric dihydrocoumarins (1; R Me, k OH; and vice versa 
© obtained by reduction of 7-hydroxy-5-methyl-4-phenylcoumarin with 
No product was obtained from catechol and cinnamic acid, and phloro 
led ‘ phloroglucid " (2 ; 4: 6: 3’: 5’-pentahydroxydiphenyl) by condensation 
of phloroglucinol.* The present investigation has shown that no reaction tak« 
crotonic acid and phenols in presence of hydrochloric acid. 


I. XPERIMENTAI 
yeneral procedure wa 


té 


applicable to the preparation of all coumarin 

lrogen chloride was passed through a boiling mixture of cinnami 

| hydrochloric acid (25 ¢.c. per g. of cinnami 
complete when the mixture became clear 
olid Was 


ited] 


on 


4 slow 
acid l mol 
acid), and the phenol (1 mol.) The 
the oil which s« parated solidified when 
triturated with cold sodium hydrogen carbonate 
vith cold water, dried, and 


olution, filtered off 
| erystallised 


1 from ethanol rhe alkaline filtrate 
iwidification yielded, when possible, the corresponding ( 
u“ id 


, §-aryl-8-p-hydroxy 
Cinnamic acid with resorcinol monomethy! ether gives 3: 4-dihydro-7 
leoumarin (7:5%) and 3: 4-dihydro-7-metho 4-phenylcoumarin 

1 dimethyl ether it gives (§-(2: 4-dimethoxypher 

hydro-7-hydroxy-4-phenyleoumarin (5° 


et 


Ky (87 
|)-6-phenylpropionic 
,), and 3: 4-dihydro-7 


7-methoxy-4-phe 
i Cr 


umarins 1) The following method * avoids opening the lactone rin 

the hydroxycoumarins derived from di- and tri-hydric phenols 

ylene was heated with powdered anhydrous potassium car 
hate (2:5 mol.) at 140° for 4 hr. with occasional shaking 
| the residue twice extracted with boiling xylene which 

the xylene in steam left the methylated coumarin 
olution of coumarin (1 


lhe coumar! 
bonate (2-5 mol 
t solution w 


" 
VAS ac 


d to the main bull 


mol.) in 10% aqueous sodium »xide (4 mol.) at roe 

methyl sulphate (2-5 mol.) was added in small portions with vigorous shaking I} 

was then heated at 80° for 30 min., cooled, and on acidification yielded tl 
The phenylhydrazides were prepared by the 

cording to Fischer and 


action of phenylhydrazine « 
Nouri's directions. The coumarins and 
ted by heating them with acetic 


anhydride and fused 
1801, 24, 258: 


82 1892, 25, 957 
in Chem. Inst., 1049, 2 165 
i Pollak, Monatsh., 1804, 15, 703 
1 Weizmann, /., 1914, 106, 1049 
Nouri, Ber., 1917, 60, 693 


r 


hydroxy-acid 
icetate for 2 hr 


odium 
Hartmann, B 


2130 cf Sim ps« n 
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Phenols in Presence of Hydrochloric Acid. 


The Lables give details of compounds prepared In addition were obtained phenylhydraszides 


6-o-hydroxyphenyl-£-phenylpropionic acid, ye 


llo 


needles, m. p 


159° (Found : 


N, 8-4 


», HyO0,N, requires N, 8-4%), 


§-(2-hydroxy-3-met! 


ieediles 


from aqueous ethanol), m. p. 


163° (Found 


iyipheny! 
N, 8-2 


+-pheny! propionic 


acid, yellow 


Cy,H,,O,N, requires N, 81% 


2-hydroxy-4-methylpheny])-8-phenylpropionic acid, needles (from aqueous methanol) (Found 
80%), §-(2-hydroxy-5-methylphenyl)-$-phenylpropionic acid, needles (from aqueous 


Substituted 3: 4-dihydro-4-phenylcoumarins 


ee 


ns 


ts 


Found 


Yield 


OMe 


OA 


-CO,H 

5-CO,Me? 
8-(OAc),-5-CO,H * 
OH-3-Ph 
OMe-3-P1 


Form 
Plates 
Needles 


EtOH 


Needles 


Aq RtoH 
MeOH 
EtOH 
MeOH 
50°, MeO 
MeOH 


Cub 
Needle 5 


3 Aq. KtOH 


hton 
htOoH 
MeO 
MeOH 
Aq. Me 


Cubes 


Nee dles 


( 
BOS 


80-6 


H 


Formula 


Required 
{ 
80-4 


80-6 


| previous preparations see ref, 1, *% Yell 
Koelsch, [. Amer. Chem. So 


* Obtained from orcinol as a mixture, 


evlio 


1936, 58 


sepal 


by 


it dissolution in 


pared 


For pre 
chotten 


M 
the 
i 


thie 


hhinimniuin 


us prepar 


Baumann 


amount ot 


, 
mother-liquor with water. / Decomp hue 


ulphate and potassium carbonate in xylen: 


p-Aryl-B-phenylpro/ 


|, from which the main component separated ; tl 


Form 


' bs Needles 


Mer 

Met)-( 
HOt , Me 
MeO-C .H.Me 
MeO-C,H,Me 
\cOrC Hy Me 

HOC, H Me * 
MeO-C,H Me 

2-MeO-C,H,Me 
AcO’C, HMe 
MeO-C 1H ,Me 
HO-C,,H, * 
MeO-C,,H,* 
AcO«( H 
MeO 
MeO), 
Me) 7 


ei 


Needles 
Needles 
¢ Needles 


pre parations see 


vious Table 


34,9 52,4 10, ® 


J 


Solvent 


s Aq. EtOH 


MeOH 

Aq. EtOH 
H,O 
MeOH 

Aq. MeOH 
Aq. AcOH 
Aq EtoH 
MeOH 

4q. MeOH 
Aq. AcOH 
Aq. EtOH 
EtOH 


Aq 


e 


" MeOH 


76 


ponent was obtained on dilution 
aqueot ¢ Prepared by 


Foun Reqd Ag 


0 
3) 
35 
llow other are cok 


v urle 
ydro-7-hydroxy-4-methiyl 
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ethanol), m. p. 173° (decomp.) (Found: N, 8-2%), and §-(2-hydroxy-1-naphthyl)-6-pheny! 
propionic acid, cubes (from dilute methanol), m. p. 148° (Found N, 7-2, C,,H,,0,N, 
requires N, 7°3%) 


4-(2-H ydroxy-6-methylphenyl)-6-phenylpropionamide was obtained by saturating a solution 


of 3: 4-dihydro-4-phenyl-6-methyleoumarin (2 g.) in methanol (20 c.c.) at 5° with ammonia, 
heating the solution in a pressure vessel at 80° for 4 hr., and removing the solvent and excess of 
immon in a vacuum Ihe residue crystallised from methanol containing ammonia, as 
es, m. p. 162° (decomp.) (Found: N, 6-5. C,,H,,O,N requires N, 5-5%). 

Methyl-Q-(2 : 4-dimethoxyphenyl)-$-phenylpropionate was obtained by saturating a solution 


2: 4-dimethoxypheny])-@ 
ydrogen chloride; after 12 | 
distilled off, leaving the ester which solidified in ice. Crvystallisation from aqueous methanol! 


m. p. 75° (Found : C, 72-0; H, 6-7 Cy gl yO, requires C, 72-0; H, 6-7%) 


phenylpropionic acid (1 g.) in methanol (10 c.c.) at 0° with 
! 


at 0°, the solution was boiled for 1 hr., and the methanol 


to Mr, A. Greig-Gass for a specimen of 7-hydroxy-5-methyl-4 
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281. The Chemistry of Extractives from Hardwoods. Part XX VI." 
Kapervments on cycloKucalenol, a New T'riterpene from Eucalyptus 


MmAicrocorys, 


v triterpene has been obtained by saponificati 


oleum extract of tallow wood (Eucalyptus microcors 


bearing a general similarity to the cycloartenol 
ed cycloeucalenol 
lolLucalenol is a monohydric secondary alcohol, apparent! - 4 

lt contains one ethylenic bond, present in a side chain terminated by thi 
grouping ~CH,’C({°CH,)*CHMe, rhe occurrence of a cyclopropane ring was 
revealed by the action of hydrogen chloride and by the infrared absorption 
it 3050 cm.!, Oxidation of the unsaturated acid-isomerisation product: 
from demethyleycloeucalanyl acetate, a dihydro-derivative having the 
modified terminal group —CHyCHyCHMe,, gave a diketone containing the 


| 
transoid system ~CO*C=C’CO~ but not identical with 7: 11 


enyl acetate 


Or the various Australian timbers available commercially in the United Kingdom, several 
ioted for their very high durability, ¢.g., jarrah, spotted gum, are derived from Eucalyptus 
peci rom several published reports! it may be inferred that ellagic acid is a common 

constituent of Eucalyptus woods, and we have isolated this acid from two or three varietie 
by extraction with alcohol, but no examination of the extractive constituents of these 
woods appears to have been recorded, Eucalyptus microcorys has been the subject of 

investigation in this group, in part because of the oily nature of this timber which 

ited by its common description as tallow wood. 
lreatment with boiling light petroleum sufficed to remove the oily components and 
when the resulting amber syrup was saponified, an alkali-insoluble material remained which 
when purified by chromatography gave a highly crystalline solid, m. p. 140°, amounting to 
}°., of the original wood. More detailed examination of this product has shown that it 
the eycloartenol sub-group of triterpenes, whence it has been named cyclo 
is remarkable that shortly afterwards cycloeucalenol was again isolated ix 

]., 1965, 2948 
Wade, Pharm. /., 1925, 115, 181 Anderson and Steedor, / Leather Trades’ Chemists, 1950, 
8: Hill lustval. |. Sci. Re 1952, A, 5, 370; M. M. Chattawa iustral. |. Bot., 19638, 1, 27 
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our laboratory, by Mr. J. M. Uprichard, from the heartwood of Erythrophloeum guineense 

(tam. Leguminoseae), a circumstance which may imply a wide distribution of this hitherto 
wn natural product. 

lyses of cycloeucalenol were in agreement with the formula CygH59_5¢0, but did not 

2, and similarly for the various derivatives, i.¢., acetate, benzoate, 

vate, and a-naphthylurethane, by which the oxygen function was demon 

alcoholic group was oxidised either with chromic oxide-acetic acid o1 

oxide—pyridine,® the product, cycloeucalenone, being a ketone, as was shown by 

ht absorption maximum (368 my) of the derived 2: 4-dinitrophenylhydrazone.* 

Che ketone reacted to the Zimmermann test, which for triterpene nuclei is believed to be 

al of the 3-oxo-group,* and was reduced again by sodium borohydride to the parent 

In view of the unhindered nature of the 3-keto-group, this result appeared to 

ote an equatorial conformation for the hydroxy! and this was confirmed by the existence 

peak at 1040 cm.~! in the infrared spectrum. Molecular-rotation changes following 

\,, acetylation, +106°; A,, benzoylatio: 167°) are also in agreement with 

}(4(equatorial)-hydroxyl group in a triterpene or sterol nucleus with an A : B trans 


ence of a double bond in cycloeucalen ipparent colorimetrically (tetranitro 
was confirmed by catalytic hydrogenation of the acetate to a dihydro-derivative, 
lanyl acetate, which was shown to be saturated by its stability to peracetic acid 
1e absence of appreciable absorption at 200-220 mu, eycloEucalanol was pre 
hydrolysis of the acetate and oxidised by chromic oxide—pyridine to cyelo- 
Ihe ketone was characterised by the usual derivatives, and when reduced by 
Wolff—Kishner method afforded the saturated hydrocarbon cycloeucalane 
Krom ultraviolet end absorption measurements the cycloeucalenol ethylene bond 
appeared to be disubstituted.® Ozonolysis, which resulted in the liberation of formalde 
hyde—isolated as 2: 4-dinitrophenylhydrazone and dimedone derivatives——-proved the 
centre of unsaturation to be a vinylidene group, and the existence of infrared absorption 
bands at 889 and 1640 cm.-! gave independent support to thi Absorption du 
to unsaturation was absent also from the infrared spectrum of the dihydro-compound, 
cycloeucalanyl acetate, but a shoulder was observed at ca 3050 cm.~!, thus affording the 
first indication of the cyclopropane ring ® afterwards found by chemical methods to be a 
characteristic feature of the molecule. The hydrocarbon cycloeucalane which was prepared 
in the course of these experiments also exhibits absorption at 1010 cm.~! sometime: 
associated with a cyclopropane ring. The features disclosed by this preliminary survey of 
cycloeucalenol enabled it to be formulated as a pentacyclic, monohydroxy-, monoethylenic 
triterpene, and its many points of resemblance to cyc/oartenol 7 (1) seemed at first to imply 
a close structural relationship between the two compound Further experiments, however, 
disclosed important differences. For example, an examination of the volatile fraction 
from the ozonolysis of cycloeucaleny! acetate (I1), by chromatography of the crude 2: 4 
dinitrophenylhydrazone,® revealed no trace of acetone such as is formed from the terminal 
group of the eyeloartenol side chain. An explanation of this divergency was found in the 
further degradation of the principal ozonolysis product of cycloeucalenyl! acetate, which at 
low temperatures consisted of a crystalline ketone, demethyloxocycloeucalanyl acetate 
(III). The ketone, which from the Zimmermann reaction appeared to contain a ~CO-CH, 
group, was first reduced by sodium borohydride to the corresponding alcohol (IV), and the 
latter was then dehydrated with phosphoryl chloride in pyridine. The product (V) 
though it did not give satisfactory analyses, had a strong tetranitromethane reaction, and 
its ultraviolet absorption was indicative of a trisubstituted double bond. Ozonolysis of 
this olefin gave acetone and an acid (V1), characterised by its methyl ester, to which the 
* Poos, Arth, Beyler, and Sarett, /. Amer. Chem. Soc., 1953, 76, 422 
* Brande and Jones, /., 1945, 498 
* Barton and de Mayo, /., 1954, $87 
Bladon, Henbest, and Wood ing 1952, 2737 
* Cole, Chem. and Ind., 1963, 946; J., 1954, 3307 
’ Barton, Page, and Warnhoff, /., 1954, 2715; Irvine, Henry, and Spring, /., 1956, 1316 
Meig Nature, 19562, 170, 579 
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formula (gH y(OAc)-CO,H is assigned. These reactions, illustrated in the accompanying 
diagram, not only enable the terminal unit of the side chain to be identified as 
CHy’C(0CH,)*CHMe, but, by analogy with eburicoic acid,* euphorbol,!” and cyclolaudenol,"! 
imply that the complete substituent is ~-CHMe-CH,°CH,°C(°CH,)*CHMe, thereby adding 
further support to the C,, formula 

CH, 


R-CH,-C-CHMe, 


AVA 1° 


R-CH,-CO-CHMe, + HCHO 


 \ioacte 


R-CH,CH(OH)-CHMe, 
| POCI,-C,H,N 


R-CH,-CH=CMe, 

i 
R‘CH,-CO,H 4- COMe, 
[R = Cy.H,,(OAc)] 


(Vil) (VIIT) 


Confirmation for the cyclopropane ring was obtained as with cycloartenol by the action 
of hydrogen chloride on ecycloeucalanyl acetate, whereupon isomerisation occurred with 
the formation of a mixed product showing marked short-wave ultraviolet absorption and 
olefinic bands in the infrared spectrum. Repeated crystallisation of a sample afforded a 
mall yield of a seemingly pure compound (eucalenyl acetate) C,,H,,OAc, having ultra 
violet absorption indicative of a trisubstituted double bond. Following the procedure 
developed by Bentley, Henry, Irvine, and Spring for the investigation of cycloartenol,'” 
the crude mixture was oxidised with chromic oxide in acetic acid and the resulting material 
fractionated by chromatography. In addition to unchanged eucalenyl acetate, two 
further products were isolated, one an unsaturated ketone (acetate) Cg,H,,O*OAc with 
xf-ethylenic absorption, and the other a pale yellow compound C,,H,,O,°OAc. For 
convenience the unsaturated ketone is at present designated oxoeucaleny! acetate although 
it does not follow that the position of the double bond is identical with that on eucaleny! 
acetate or that the enone system is necessarily situated as in the corresponding cycloartenol 
derivative (VII), On the other hand, there is little doubt that the compound Cs,H,,0,*OAc, 
which has the characteristic ultraviolet light absorption of a transoid enedione, is closely 
related to 7; 11-dioxolanost-8-enyl acetate (VIII) obtained by the oxidation of certain 
triterpenes unsaturated at the 7: 8- or 8: 9-position,™ including the isomerised cyclo 
urtenyl acetate. The dioxoeucaleny] acetate was hydrolysed to the parent alcohol, and 
* Gascoigne, Holker, Ralph, and Robertson, /., 1951, 2346; Holker, Powell, Robertson, Simes, 
Wright, and Gascoigne, /., 1953, 2414, 2422 
Arigoni, Wyler, and Jeger, Helv. Chim. Acta, 1954, 37, 1553; Arigoni, Jeger, and Ruzicka, ibid., 
22; Barbour, Warren, and Wood, J., 1951, 2637; Christian, Vogel, Jeger, and Ruzicka, 


icta, 1952, 35, 510; Barbour, Lourens, Warren, and Watling, /., 1955, 2194 
Henry, Irvine, Mukerji, and Spring, J., 1955, 596; Henry, Irvine, and Spring, ibid 


, Henry, Irvine, and Spring, /., 1953, 3673. 
tery alia Ruzicka, Ray, and Muhr, Helv. Chim. Acta, 1944, 27, 472; Dorée and McGhie, Nature, 
Dorée and Kurzer, /., 1948, 988; 1949, 570; Lahey and Strasser, /., 1951, 873 
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as in the case of the diketone (VIII) was reduced with zinc-acetic acid to the saturated 
dione, Oxidation of eucalenyl acetate with chromic oxide in acetic acid also gave oxo 
identical (mixed m. p.) with that obtained from the acid-isomerisation 
product of eycloeucalanyl acetate. Eucalanyl acetate, and thence eucalanol, was obtained 
by vigorous catalytic reduction of eucalenyl acetate, from which an epoxide was also 
prepared 
From the general structural similarity of cycloeucalenol and cycloartenol apparent in 
> foregoing reactions it seemed possible that after elimination of the obvious differenc 
due to the additional! carbon atom at position 24, a derivative common to the two compound 
might be obtained, which would thus establish the remaining structural features of the 
new alcohol. In the first attempt to relate the two triterpenes in this way, demethyloxo 
cycloeucalanol was reduced by the Wolff—Kishner method to demethyleyeloeucalanol, 
characterised by its acetate, when it became obvious that the reduction product was not 
identical with cycloartanol. Accordingly, the effect of eliminating the cyclopropane ring 
was next investigated, using for this purpose the newly prepared demethyleycloeucalanol 
Isomerisation of the acetate with hydrogen chloride, as outlined for the higher homologue, 
gave a mixture which, when oxidised, yielded the expected products, viz., demethy! 
| acetate and demethyloxo- and -dioxo-eucaleny! acetate. However, a comparison 
of the dioxo-compound with 7 : 11-dioxolanost-8-eny! acetate, which caused a large melting 
point depression, indicated their dissimilarity 
he failure of these experiments to relate cycloeucalenol to known triterpene compound 
may be due to one or more causes, In the first place, although the transformations recorded 
ire compatible with the occurrence of the methylene bridge (cyclopropane ring) at the 
9 : 10-position, as in eycloartenol, a significant difference is observed between the alteration 
of optical rotatory power which follows the oxidation of cycloeucalenol to cycloeucalenone 
(positive shift) and that which occurs in passing from cycloartenol to eycloartenone (negative 
shift). It has been suggested™ that in the case of cycloartenol the (exceptional) negative 
change is occasioned by the $-conformation of the substituent (CH,) at Cg. If this inference 
is valid and the 9-position in cycloeucalenol is involved in a cyclopropane ring, it would 
accordingly imply that the methylene bridge is linked with C;,,), as was formerly proposed 
for cycloartenol. The possible union of other carbon atoms, giving an alternative site for 
the cyclopropane ring cannot be excluded at this stag However, the non-identity of 
dioxodemethyleucalenyl acetate and the dioxolanostenyl acetate (VIII) shows that, apart 
from any lack of correspondence with respect to the cyclopropane unit, at least one further 
point of dissimilarity exists with respect to cycloartenol. It is probable that the difference 
is one of configuration, possibly at position 17 and/or 20, as already postulated, for example, 
oreuphol. It is unlikely that the angular methyl groups attached to Cy4) and Cag have the 
euphol configuration!® since no derivative corresponding to the hypothetical ssoeucaleno! 
eries has been detected among the acid-isomerisation products of cycloeucalenol and it 
compound Further experiments designed to elucidate the undetermined structural o1 
tereochemical features of cycloeucalenol are in progr: 


EXPERIMENTAI 

specific rotations were measured with CHCl], solutions at room temperature, and ultra 
violet absorption spectra with EtOH and a Unicam P.500 Spectrophotometer Light 
petroleum refers to the fraction of b. p 60—-80° unless otherwise pecified 

Extraction of Eucalyptus microcorys with Light Pets “mn rhe finely shredded heartwood 
3:95 kg.) was extracted with boiling light petroleum for 24 hr,, evaporation of the solution 
leaving a clear amber syrup (90 g., 233%) Phis was re olved in light petroleum (200 c« 
ind after filtration from gelatinous solid (5-2 g., 0-13 
residual oil (85 g.) heated under reflux for 4 hr., with , Solution of potassium hydroxide in 
800 c.c., 85% ethanol), The non-saponifiable fraction (47 g.) was isolated 


the solution was evaporated and the 


iqueou ethanol 
vith ether in the usual manner as a semicrystalline soli 7 g.) which was dissolved in benzene 


250 c.c.) and percolated through a column (43 x 4:5 cm.) of alumina (600 g.), the chromatogram 


4 Dawson, Halsall, Jones, Meakins, and Phillips, Chem. and Ind., 1966, 918 
t Viet ‘radhan, and Knight / 1955, s7é 
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eluted with (a) benzene (21), (6) benzene-ether (9:1; 31.), benzene-ether (4:1; 21 
enzene—ether (1:1; 31), and (¢) ether (31). Evaporation of the combined fractions (b) 
left a pale yellow solid (28-5 g.) which when crystallised from light petroleum or ethy] 
etate gave cycloeucalenol as colourless feathery needles, {a}, +-45° (c, 2-9), m. p. 138-—139°, 
to 140° after drying for 3 hr. in vacuo at 100° (Found in a specimen dried above the m.p 
84-0; H, 11-4, 11-8. C,,H,,O requires C, 84-5; H, 11-9' 
icalenol gives a pale yellow colour with tetranitromethane. In the Liebermann 
ard test it forms a brown solution with a strong green fluorescence rreatment of the 
e (500 mg.) with acetic anhydride (10 c.c.) and pyridine (20 c.c.) for 24 hr. at room tem 
ve cycloeucalenyl acetate, which separated from chloroform—methanol as blades, 
(c, 1-64), m. p. 110° (Found: C, 81-9; H, 11-5. C,,H,,O, requires C, 82-1 
light absorption fe19 1048, fog = 261, €y59/€209 ~ 4°01. Infrared bands in 
3050 (sh.), 1640, and 889cm.", The benzoate, prepared from cycloeucalenol (500 mg.) in 
line (6 c.c.) under reflux with benzoyl chloride (2 c.c.) for 2 hr., crystallised from ethyl 
needles, [a], 4+-67° (c, 0-9), m. p, 130° (Found: C, 83-7; H, 10-5. C,,H,,O, requires 
H, 104%). The 3: 5-dinitrobenzoate, prepared similarly, crystallised from light 
as needles, m. p. 206° (Found; C, 71-9; H, 831; N, 45. Cg,H,,O,N, requires 
N, 45%). The a-naphthylurethane formed plates (from ethanol), m. p. 176 
C, 82-6; H, 95%; M(Rast), 648. C,,H,,O,N requires C, 82-7; H, 975%; M, 609 
iter experiments the isolation of cycloeucalenol was carried out via the acetate prepared 
crude unsaponifiable material (47 g.), with acetic anhydride (200 c.c.) and pyridine 
t room temperature for 48 br. The crude product (50 g.), isolated by means of ether, 
romatographed in light petroleum (200 c.c,) on alumina (1200 g.; 82-0 x 4-5 cm.), the 
n being eluted with (a) light petroleum (5 1.), (6) light petroleum—benzene (4:1; 41 
sht petroleum—benzene (1:1; 3 1.), and (d) benzene (2 1.). Evaporation of fraction (a) 
e a colourless solid (33 g.) which crystallised from chloroform—methanol as needles, m. p 
109-110°, consisting of cycloeucalenyl acetate identical with that obtained from pure cyclo 
A further quantity (5 g.) was obtained by evaporation of the combined fractions 


m of a Stevol Fraction J: vaporation of chromatogram fraction (¢) from the crude 
ible matter gave a colourless solid (1-8 g.) which crystallised from methanol as needles, 
139°, raised to 140° after repeated recrystallisation from light petroleum (Found 
44-0; H, 12:1. CyglH yO requires C, 84-0; H, 12-2%), [a], —5° (c, 1-1); light absorption 
2400, eso 556; €519/€es0 4-48. Inthe Liebermann—bLurchard test this sterol underwent 
ir changes, pink -——t purple —t blue — green. No fluorescence was observed, It 
ellow colour with tetranitromethane and a positive Tortelli- Jaffe reaction indicative of 
ce of a double bond at C,,.. The sterol acetate separated from chloroform- methanol as 
p 10° (¢, 1-0), m, p. 118—119° (Found; C, 81-3; H, 11-2, C,,H,,O, requires 
114%). The benzoate crystallised from chloroform—methanol in plates, [a], +-15 
p. 136--136° (Found: C, 83-5; H, 10-2. C,,H,,O, requires C, 83-3; H, 10-5%, 
5-dinttrobenzoate, very pale yellow needles (from light petroleum), had m, p. 195—-196 
ind: C, 71-0; H, 84. Cy,H,,O0,N, requires C, 71-0; H, 86%) 
yclok ucalenone (i) A solution of eycloeucalenol (1 g.) in pyridine (10 c.c.) was added at 
temperature, during 30 min., toa slurry of chromic oxide (1 g.) in pyridine (10 c.c.) prepared 
I Arth, Beyler, and Sarett.*. After 24 hr. the neutral product was isolatec with ether 
tallised from ethanol, to yield cycloeucalenone as needles (780 mg.), [a]p +-54° (c, 0-8), 
84° (Found: C, 84-6; H, 11-4 C,,H,,O requires C, 84-9; H, 11-3%) 
ution of ceyeloeucalenol (1 g.) in acetic acid (200 c.c.) was treated at room temperature 
mic oxide (200 mg.) in acetic acid (50 c.c.) during 30 min. After 12 hr., the neutral 
i8 isolated in the usual manner, and yielded cycloeucalenone as needles (820 mg.) 
from ethanol), m. p and mixed m. p. 84° 
ycloEucalenone oxime separated as needles (from light petroleum), m. p. 176—--177° (Found 
82:1; H, 11-3. C,,H,,ON requires C, 82-1; H, 11-3% The 2: 4-dinttrophenylhydrazone 
tallised from xylene-ethanol in needles, m. p. 246° (Found: C, 71-9; H, 87; N, 935. 


H,,O,N, requires C, 71-8; H, 88; N, 91%); light absorption in CHCi,: 2 368 mu 
4 OOO 


CT 


‘war 


Kucalenone (300 mg.) in methanol (35 c.c.) with sodium borohydride (100 mg.) in 
| (20 c.c.) at room temperature for 24 hr. gave cycloeucalenol (250 mg.); the product, 


1 the usual way, crystallised from light petroleum as needles, m. p. and mixed m. p 


ethan 
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cycloEucalanyl Acetate.—cycloEucalenyl acetate (2 g.) in acetic acid (100 c.c.) was shaken 
with hydrogen and platinum (from 150 mg. of platinum oxide) for 45 min.; the uptake of 
hydrogen being 97 c.c. at N.T.P. (theor. for 1 double bond, 95-7 ¢.c.). Crystallised from chloro 
form—methanol, the resultant cycloeucalanyl acetate formed needles (1:85 g.), [a], +-62° (c 0-6), 
m. p. 112—113° (Found: C, 82-0; H, 11-9, C,,H,,O, requires C, 81-8; H, 116%). It gave 
a pale yellow colour with tetranitromethane and showed very weak light absorption between 
200 and 225 muy, €9;9 = 284, fooo 108, €5,¢/€o99 = 2-62. It was almost quantitatively re 
covered on treatment with a 10-fold excess of monoperphthalic acid at 0° for 14 days and with 
perhydrol-acetic acid on the steam-bath for 2 hr 

cycloEucalanol._-Hydrolysis of cycloeucalanyl acetate with 5% ethanolic potassium 
hydroxide solution gave cycloeucalanol, which separated from methanol as plates, {a}, + 52° 

0-7), m. p. 149--150° (Found: C, 84-2; H, 12-1. C,,H,,O requires C, 84:1; H, 12:3%); 


light absorption : 4,9 == 235, €ggq == 31, €g19/€e99 == 7°52 
cyclokucalanyl benzoate separated from ethyl acetate as needles, [a], 64° (c 0-64), m. p. 
130° (Found: C, 83-3; H, 10-4. C,,H,,O, requires C, 83-56; H, 10-7%), 
cyclofucalanone.—-Oxidation of cycloeucalanol (500 mg.) with chromic acid (500 mg.) in 
pyridine (10 c.c.) for 24 hr. at room temperature and isolation of the product with ether gave 
cycloeucalanone (400 mg.) as plates (from ethanol), [«),, 19° (c 0-9), m. p. 107-108" (Found 
84:2; H, 11-7. C,,H,,O requires C, 84:5; H, 11-9%); light absorption: A,,, 280 mp 
35 The oxime, needles from ethanol, had m. p. 191--192° (Found: C, 81-6; H, 12-1; 
N, 34. Cy,H,,ON requires C, 81-5; H, 11-7; N, 31% Che semicarbazone crystallised from 
ethanol in needles, m. p. 210° (Found: C, 77-4; H, 11-4; N, 88. C,,H,,ON, requires C, 77-2; 
H, 11-4; N, 84%); light absorption: A,,,, 220 mu (e 16,200) The 2: 4-dinitrophenyl. 
hydrazone separated from ethanol-—xylene in plates, m. p. 247° (Pound: C, 71-4; H, 9-0; N, 03 
Cy7H5,.0,N, requires C, 71-6; H, 91; N, 9-0%); light absorption: A,4, 368 my (¢ 24,000) 
cycloEucalanane,—cycloEucalanone (500 mg.) in anhydrous hydrazine (5 c.c.) and ethanol 
20 c.c.) containing dissolved sodium (630 mg.) was heated at 180° for 148 hr. The product, 
worked up in the normal way, was purified by chromatography in light petroleum on alumina, 
thus giving cycloeucalanane (420 mg.) which separated from chloroform—methanol as needles, 
%\p + 25° (c 0-5), m. p. 58-—-59° (Found : C, 87-3; H, 12-4. C,,H,, requires C, 87:3; H, 12-7%). 
Oxidation of cycloEucalenyl Acetate.—(i) By ozonolysis. cycloEucalenyl acetate (2 g.) in 
methylene dichloride (60 c.c.) was treated at 45° with ozonised oxygen (5-—-7%) for 1 hr 
After attaining room temperature, the solution was treated with acetic acid (15 c.c.) and portion 
wise with zinc dust (4 g.) during 30 min. After | hour's stirring, the filtered solution was 
washed, and the aqueous washings were adjusted to pH 7-0 and treated with saturated aqueous 
dimedone (150 c.c.). Formaldehyde-dimedone (0:37 g., 30%) was obtained as needles (from 
ethanol), m. p. and mixed m, p, 189-—190°. Evaporation of the dried methylene dichloride 
solution gave demethyloxocycloeucalanyl acetate (1-8 g.), which crystallised from methanol in 
needles, {a}, + 35° (c 0-6), m. p. 97—-98° (Found; C, 79-4; H, 10-5. Cy,H,,O, requires C, 70-3; 
H, 10-8%); light absorption : 4,,,, 282 my (e 43) 
cycloLucalenyl acetate (3 g.) was also ozonised at 0° in dry carbon tetrachloride (60 c.c ) for 
2 hr., and the residue left by evaporation was decomposed with boiling water (250 c.c.), The 
mixture was distilled and the distillate (150 c.c.) treated with saturated aqueous 2: 4-dinitro 
phenylhydrazine hydrochloride, The precipitate formaldehyde 2: 4-dinitrophenylhydrazone 
(400 mg., 30%) formed orange needles (from methanol), m. p. and mixed m. p, 168° (Found 
C, 400; H, 2-9. Cale. for C;H,O,N,: C, 40-0; H, 20%). The residual solid, dissolved in 
ether, was washed with water (100 c.c.) and aqueous potassium hydroxide (3%; 3400 c.c.), a 
potassium salt separating at the solvent interface. ‘The salt was collected and suspended in 
water (100 c.c.), the mixture acidified with 2n-sulphuric acid, and the precipitate removed in 
ether. The product, an acid acetate (5620 mg.), separated from aqueous acetone as prisms, 
aly + 54° (¢ 0-4), m. p. 204—206° (Found: C, 75-5, 75-7; H, 10-1, 10:3. Cy gH,,O, requires 
C, 75-6; H, 10-0. CyH,,O, requires C, 75-9; H, 10-1 With ethereal diazomethane it gave 
a methyl ester, needles (from methanol), m. p. 122° (Found: C, 763; H, 90; OMe, 5-8 
CyH,y,O, requires C, 75-9; H, 10-1; OMe, 67. Cy HO, requires C, 762; H, 10-2; 
OMe, 65%) fhe neutral, non-volatile, ozonolysis product was fractionated by Girard-t 
reagent Attempted chromatographic purification of the non-ketonic material was 
unsuccessful; the ketonic product (1-1 g.), by crystallisation from methanol, gave demethyloxo- 
cycloeucalanyl acetate of m. p. 96—-07° identical with that described above. In the 
Zimmermann reaction the ketone gave a violet colour, fading after dilution with alcohol 
Ihe ketoxime separated from aqueous ethanol as needles, m. p. 170° (Found C, 76-5 
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CagllggO,N requires C, 76-9; H, 10-7; N, 
xylene-ethanol in needles, m. p. 202-—-203 
light absorption : 4,,,,, 368 my (¢ 22,400 


1-dinitrophenylhydrazone from the volatile ozonoly product of cycloeucaleny! 


ibjected to paper partition chromatography inah ne~methanol atmosphere 
inc a8 the mobile phase. It was thus shown to be homogeneous, the R, value corr: 
exactly with that of formaldehyde 2: 4-dinitropheny] lrazone, and no trace of 
ild be detected 
h potassium permanganate A mixture of cycloeucalenyl acetate (5 g.) in acetone 
nd aluminium ulphate (6 g.), was stirred while potassium permanganate (8 g 
150 c.c.) was added during 30 min. The resulting mixture was heated under reflu 
cooled, and filtered, and the acetone was evaporated Che residual yellow oil (4:1 
ionated by Girard-r reagent. The non-ketonic portion consisting of cycloeucaleny! 
1-6 g.) formed needles (from chloroform-methanol), m. p. and mixed m. p. 110 
tion of the ketonic fraction from methanol gave demethyloxocycloeucalanyl acetate 
and mixed m. p. 96—-97°. ‘The ketone was recovered (95' after treatment for 
15 min, at 60°, in dioxan solution, with aqueous potassium iodide—iodine 


Demethyloxocycloeucalanol,.-lydrolysis of demethyloxocycloeucalanyl acetate 


10°, methanolic potassium hydroxide (25 c.c.), and repeated recrystallisation of the prod 


500 meg 


ueous acetone gave demethyloxocycloeucalanol as needle p. 110—I111 Found 
H, 11-2. Cy oH,,O, requires C, 81-4; H, 11-4% Phe « é ystallised from aque: 


a0 
in needles, m, p. 150° (Found: C, 78-4; H, 11-3; N, 3-3 550_N requires C, 78-7 
31%), and the 2: 4-dinitrophenylhydrazone as needles (from xylene-etha1 


124° (Found: C, 68-9; H, 89; N, 9-2. Cy,H,,O,N, requires C, 69-4; H 


a 


uO 
y 


Demethylhydroxycycloeucalanyl Acetate Demethyloxocycloeucalanyl acetate (1 g 
methanol (60 c.c.) was treated with sodium borohydride (300 mg.) in methanol (5 c.c.) at 
temperature for 24hr. Crystallisation of the product from aqueous methanol afforded demethy/ 
hydroxycycloeucalanyl acetate as needles, {a}, -+-60° (c 1-2), m. ] 3—-126° (Found: C, 78-9 

10-9 H,,0, requires C, 79-0; H, 11-2%) Acetylation wit! yridine~acetic anhydride 


7 perature for 24 hr. gave demethylhydroxycycloeucal di late, needles (from 

for! nethanol), m. p. 138-—-140° (Found C. F733: : c, 16-3. Cy,H,,O 
requires C, 77-2; H, 10:6; OAc, 16-3%) 

Dehydration of Demethylhydroxycycloeucalanyl A: and nolysis of the Product I he 


alcohol monoacetate (600 mg.) in dry pyridine (5 c.c.) was heated with phosphorus oxychloride 


ro 


1 steam-bath for 1-5 hi fhe mixture was then poured on ice (200 g.) and hydr 
and the dehydration product (340 mg.) extracted with ether and crystal 
chloroform It consisted of needles, |<), 54 0-6), m. p. 96-—100 
10-5°,,), which gave a strong yellow colour with tetranitromethane; Llght 

97 


210 1400, 496 224, f915/€a20 6°27 


is of the dehydration product (700 mg.) in acetic acid (50 c.c.) for 40 min., follow 


ed 
t with water (200 c.c.) and distillation into saturated aqueous 2: 4-dinitropheny! 
lrochloride, gave acetone 2; 4-dinitrophenylhydrazone (110 mg. 25%) as orange 
from methanol), m. p, and mixed m, p, 125—-126° (Found 15-3; H, 3-8; N, 23-9 
CyH,yO,N,: C, 464; H, 4:2; N, 23-5 rhe involatile prod: was dissolved i: 
ished with water (100 c.c.) and aqueous potassium hyd de (3%; 3 xk 100 c.c.), 


) 


eparating at the interface rhis potassium salt was collected and shaken with aqueou 
cid, and the product, which consisted of an acid acetate, collected with ether It 


eparated from aqueous acetone as elongated prisms (260 mg.), [a!,, +-59° (¢ 1-1), m. p. 193-195 
Foun C, 75-6; H, 98%; equiv., 468. C,,H,,O, requires C, 75-0; H, 10-1%; equiv., 458 
Witb ethereal diazomethane the acid formed a methyl ester a fe, needles (from aque 
methanol), m, p, 99--100° (Found: C, 75-7; H, 10-1; OMe, 5-9. C,,H,,O, requires C, 76-2 
OMe, 65%) 
risation of cycloEucalanyl Acetat i) Hydrogen chloride was bubbled through a 
solution the acetate (1 g.) in chloroform (50 cx at 0° for 1-5 h and the mixed product 
800 me isolated in the usual manner, crystallised from chloroform—methanol It formed 
nee 66° (c 0-5), m. p, 118 127° (Found C, 81-9 H, 11-5 Cag ll ge! ), require 
r 116%), exhibiting a strong yellow colour with tetranitromethane; light absorption 
938, €5:9/€g99 = 3°96 
invl acetate (200 mg.) was dissolved in acetic 
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rochloric acid (2c.c,) added. The solution was then heated under reflux for 4 hr. and poured 


Extraction with ether gave needle mg from chloroform—methanol), [«],, 
m. p, 119-—-130°, unaffected when 1 ed wv samy of the acetate obtained 


y (i) Numerous crystallisations he mi ». L18-127° (800 mg 
loroform—methanol gave eucalenyl acetate (50 1 eedles, [a|,, 85° (c 0-6), m. p 
120 122 Found C, 81-7; H, 11 5. Cy3H 5.0, © ut 81-8: H, 11-69 . light absorptic n 


™ g - or" = = ”» 
E210 3400, €95 ~+4, &919/"aa0 12-4. 


ii) Chromic oxide (660 mg.) in 90% acetic acid (30 c.« is added 


of the mixed acetates (1-6 g.) in acetic acid (100 cx \ After further heating for 10 min 
the liquid was diluted with water, and the precipitate 5 g.) isolated with ether. A solution 
if the product in light petroleum (100 c.c.) was filtered th zh a column (2-1 x 18 cm.) of 
ilumina (60 g.) which was then eluted with (a) lig petroleur 1 1,), (6) light petroleum—benzene 
9:1] 00 c.c.), (c) light petroleum—benzens 1) benzene (350 c.c.), and (e) 
(1:1; 11). The combined f: i 1) al bh) were evaporated, and the 

150 mg.) twice crystallised from chloroform 10 sive eucalenyl acetate, m, p 

p. 120—-122 
Acetate Fraction (d) fron hror ogram yielded a yellow 


luring 5 min. to a solution 


160 mg.), which crystallised fr e dioxoeucalenyil acetate as 
98° (c 1-3), m. p. 157 H, 99. CysH 4,0, requires 


light bsorption heme otk OD Hydrolysis of dioxoeucaleny! 
5% methanolic potassium hydroxide gave d ucalenol, a8 pale yellow needle 
thanol), m. p. 165° (1 ound: C, 78-9 ,O, requires C, 70-1; H, 107%); 
ibsorption : Ama, 271 my (e 6300), 344 my 06 
icalenyl Acetal (i) Chromic oxide (250 mg.) in etic acid (50 c.c.) was added during 
1 hr. to a boiling solution of eucalenyl acetate (450 m i ic acid (50 c.c.) and the heating 
continued for 2 hy rhe neutral product, isolated with et was dissolved in light petroleum 
25 and the solution filtered through a column 2-2 cm.) of alumina (20 g.), Elution 
with light petroleum (500 c.c.) and light petroleum izene (4:1; 500 ¢.c.) gave a fraction 
i f eucalenyl acetate (100 mg.) which separated from chloroform—methanol as needles, 
m. p nd mixed m, p. 120-—-122°. Elution of the ! togram with benzene (500 c.c.) and 
benzene—ether ({ | 
methanol i voeucalenyl acetate as blades, {«),, +-7 c 0-3), m. p. 136° (Found: C, 79-2; 
H, 10-9 ygtl gO, requires C, 79-5; H, 10-9% iF bsor , 241 my. (¢ 3400), not 
giving a colour with tetranitromethane. 
Fraction (e) from the chromatogram used in the separation of eucalenyl acetate consisted 


500 c.c.) gave a solid (270 mg hich, after several crystallisations from 


a 


icalenyl acetate (100 mg.) which when recrystallised from methanol gave blades, m. p 
136 
{cetat ; dust (1-2 g.) i Lec boilin olution of dioxo 
300 mg.) in acetic acid (15 « and the he ntinued for 1 hi Dioxo 
inyl acetate, isolated by means of ether, crystallised from methanol in plate m. p 
198-—-200° (Found: C, 77-3; H, 10-6. C,,H,,O0,1 F ‘ 10-6%,) ; light absorption 
} 200 Mu 
4 solution of the isomerised tate I 127° (1 g.), from lo 
in acetic acid (100 c.c.), was th hydrogen and platinum (650 mg.) 
Che product crystallised from ch! fort anol in needles, m. p. 115-120 
nation caused a significant drop in th ight-absorption intensity in the ethyleni 
res if 1920 to > 2140. Light absory ! gee 3680, Eyoo 910, €550/€s20 
1-05 before hydrogenation x16 1600, €y», . 3-48 after hydrogenatio 


tion of the reduced material in acetik wid rea 1on a team-bath with 
850 me.) in acetic acid (45 c.« Ided d d iin After further heating 
et aside overnight, the neutral product r.) be y then isolated with ethe: 
in light petroleum (100 c.c.) it w chi itographed on alumina (30 g.), elution 
petroleum (500 c.c.) giving eucalanyl acel { ny vhich tallised from chloro 
needle Lp 56° (c 0-8), m. | : yund , 8 H, 11-7 
H, 12-0% Elution with ligt rol 1: 500 cx 
yielded a fraction (90 mg.) sey methane pale yellow needle 
alone or mixed with dioxoeucal 
is of eucalanyl acetate t} f m hydroxide gav 


illised from chloroform—met | lle ». 167 1649 Found 
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C, 83-4; H,12-8. C,y,H,.O requires C, 83-7; H, 12-7%), which remained colourless in tetranitro 
methane 

Epoxyeucalanyl Acetate.-A mixture of eucalenyl acetate (200 mg.) and perhydrol (1 c.c.) in 
wetic acid (100 c.c.), heated on the steam-bath for 2 hr. and then diluted with water, gave 
epoxyeucalanyl acetate (100 mg.) which crystallised from chloroform—methanol as plates, m. p 
141--143° (Found: C, 79-3; H, 10-9. CysH,,O, requires C, 79-1; H, 113%). The compound 
gave a negative tetranitromethane reaction and had no selective ultraviolet light absorption. 

Demethylcycloeucalanol,—-The ketone acetate (430 mg.) in anhydrous hydrazine (6 c.c.) and 
ibsolute alcohol (20 c.c.) containing dissolved sodium (620 mg.) was heated at 180° for 18 hr 
The cooled mixture was diluted with water and extracted with ether. The product (370 mg.) 
crystallised from aqueous methanol, affording demethylcycloeucalanol as needles, [a], -+-33° 
(c 0-4), m. p. 126—127° (Found: C, 841; H, 12-3. C,,H,,O requires C, 84-0; H, 12-2%). 
Acetic anhydride-pyridine at room temperature (24 hr.) gave demethylcycloeucalanyl acetate as 
needles (from chloroform—methanol), [«], +-57° (c 1-0), m. p. 98-——-100° (Found : C, 81-9; H, 11-5. 
Cell ,.O, requires C, 81-6; H, 11-6%). 

Ktearrangement of Demethylcycloeucalanyl Acetate with Hydrogen Chioride.--Demethyleyclo 
eucalany! acetate (350 mg.) in dry chloroform (30 c.c.) was isomerised as for the higher homo- 
logue with hydrogen chloride at 0 After 45 min., the product was isolated in the usual manner 
and crystallised from chloroform—methanol as plates (300 mg.), m. p. 108—-112° (Found: 
C, 81-9; H, 116. Cy,H,,O, requires C, 81-6; H, 116%); light absorption: ¢,,, 3940, 

177, sr9/€ax0 = 5-08, 
Demethyleucalenyl Acetate.--Chromic oxide (5600 mg.) in 90% acetic acid (20 c.c.) was added 
during 5 min. to a solution of the mixed acetates of m. p. 108-—-112° (950 mg.) in acetic acid 
(80 t 93 Further heating for 10 min. and then treatment with water led to a product 
960 mg.), which was isolated with ether, dissolved in light petroleum (80 c.c.), chromatographed 

alumina (30 g.), and eluted with (a) light petroleum (300 c.c.), (b) light petroleum-—benzene 
0:1; 300c.c.), (e) light petroleum—benzene (4:1; 600 c.c.), (d) benzene (300 c.c.), and (e) ether 
rhe combined contents (150 mg.) of fractions (b) and (c), twice crystallised from 
110—111° (Found: C, 81-5; 


©s20 


500 CA 
methanol, yielded demethyleucalenyl acetate as needles, m. p 
H, 11-6. CyH,,O, requires C, 81-6; H, 11-6%) 

Demethyldioxoeucalenyl Acetate.—-E-vaporation of fraction (d) from the above chromatogram 
left a residue (170 mg.) which, when crystallised from methanol, gave demethyldioxoeucalenyl 
acetate as pale yellow blades, m. p. 151—153° (Found: C, 76-7; H, 10-1. C,,H,,O, require 
C, 77:1; H, 101%); light absorption: 4, 271 mu (¢ 7200) 

Demethyloxoeucalenyl Acetate Evaporation of fraction (e) afforded a solid (100 mg.) con 
sisting of demethyloxoeucalenyl acetate and crystallising from methanol in plates, m, p. 141 
(Found: C, 789; H, 10-5. C,,H,,O, requires C, 79-3; H, 108%); light absorption: Ans, 
241 0 (e 10,200) 


Phe ithors express their thanks to Dr, G, D, Meakins, University of Manchester, for the 


infrared absorption data recorded in this paper and for his valuable help in their interpretation 


Cnn University, NoTTinGHam Received, November 4th, 1956 


282. Conductivity Studies of Some Thiosulphates in Aqueous 
Methanol and in Aqueous Ethanol. 
By J]. R. Bevan and C. B. Monk 


rhe conductivities of sodium, potassium, magnesium, calcium, and 


strontium thiosulphates have been measured in 44% aqueous ethanol,* and 
the sodium salt in 20%, 50%, and 80% aqueous methanol. The dissociation 
constants of the ion-pairs have been calculated, 


In order to consider the effect of incomplete dissociation of some thiosulphates in reaction 
involving these salts, their dissociation constants have been obtained by Davies's 


ats 
[he conductivity measurements and the resultant calculations 


onductivity methods.? 
ind the following two papers, ¢.g., 44% aqueous alcohol denotes 44 parts by wt. of 
tained in 100 parts of solution. 


Trans. Faraday Soc., 1927, 23, 351 
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equivalent conductivity, K 


are given in Tables 1, 2, and 3, where c q Le 
l b, are the Onsager factors referred to 


dissociation constant of the ion-pairs, and ), 
later 


TABLE 1. Conductivity of sodium thio 


20% (w/w) Methanol; A, 92 
42116 50219 
89-60 80-31 
0-12 0-12 


in aqueous methanol at 25°. 


58-6 
63085 Oe 20% it 
SS S5 
0-12 


72 
87-61 


Ol 


14-121 

56-89 
0-10 

50 


30415 


» (wiw 


Methanol; 
4°1464 


A O) 


§-0964 


F 1 
: 60-90 


69-68 


78016 


10-209 


69-13 


2-62 


68°70 
2-48 


7-63 


w/w) Methanol ; 
30043 
73°32 


4-44 


Ay 
4°7769 
72-68 
4°47 


Conductivity of potassium thiosulf 
Ay = 106-96; 6, = 116 


9152 3°7230 46076 


2-54 


66-79 
2-54 
107-4 
78324 
69-56 
4-45 


16-184 
65-14 


methanol at 25°. 


104-29 
6-8 


Conductivitses of magnesium, calcium 


1o* 2-3081 
A 41-24 
1K 4-65 


1-9432 
40-51 


2-60 


26246 
40-20 
147 


bs 


103-91 
6-9 


103-53 
6-8 


thiosulphates in 44-05 


Magnesium 
3°5083 

33°59 
4-96 


Magnesium : 


26037 
10-86 
4°72 


Magnesium 
34686 
15°41 
4°35 
Calcium 
2-5581 
40-24 


3°25 


>trontium : 


2odium 
3-5295 

48-78 

143 


jtassium 
2°6582 
55-05 


1-21 


20 


32-01 
4°95 
25 

30742 
39-88 
4-67 
30°: 
36801 
45-17 
4°38 

25"; Ay 

30154 
39°20 
3°26 


Ay 


41-9022 


Ao 


A, 


trontinm 
, 


Vv) ethanol 


f 116 


142°5 
40461 


37°15 


102-54 
Tl 


dium, and | 


0162 
35°82 


3°26 


Y-6160 
16-80 


142 


6: 0654 
53 #2 
1-16 


ha 


10-042 
101-45 
6-5 


ium 


90401 
41 
au 


" 
é 


60350 
3418 


3°20 


5 2411 
33-55 
oO 


late i] 


1es of Ay were obtained by extra, of the plots of A against 4/: 
For odium and potassium salts, except in 80°, methanol 


values of A 
were then found by Onsager’s method,? #.¢., by plot r }- ba/c) against ¢, where b ij 
1927, 28, 277. 


the , More preci o 


* Onsag 


Ph , 


Bevan and Moni Conductivity Studi, Of Some IL hiosulphates 4; 
lated coeihicient of Onsager’s conductivity expressi« \ Ao bI*, I being th 


trength. For these extrapolations it was assumed that J c. The physica 
t ed re taken from recent data, and the dielectric constant ‘ D, the viscositie 


nsities ® d used in working out the results are 


p D 10% i lvent D 10% 

6 69-2 13-90 O-9641 44-05% F¢4 53-9 28-71 0 
I; 4-8 1642 06-9134 ) 2-50 23-85 O- 
25 40-7 10-12 08433 1-12 20-06 6 


thi t 


Hier ¢ Kam pli the method ot Davies ! 
ition constant of the alkaline 
\, for A, on the right-hand sid of 


and of Owen ? were ised in obtaining A 


earth thio Uphates were derived hb first 


epresents the conductivity at an ionic concentrati of « Ac/A, and whe 
sree of dissociatioy Values of A, were succes tried the equati 
ligures were reached Che dissociation constants were ¢ 1en calculated from 


K 1"Cf yf (1 


1 activity coefficients were obtained fromm t!} 


log / 18246 10®2z?(D7)-14 


valency, and the 1Onlc Strength J y 4 
l ind pota sium data were treated sim 


\ 3/2)(Ao, bl (J 4)(Ag » 4 


the sum of the mobilities of thi M* and the MS Q),, pecies, Ay 4 is thi | 
l : ; »2 

ind S,0,*- mobilities, and b, and b, are the 1 pective Onsager facto Phi 
| salt present as ion-pairs is re presented by 8 and / 1-5 (3 Phe mo { 


“3” 1on-pair is rather uncertain and we } 


have est ted it as follow In te 
ty ® of the thio ulphate ion is 87-4: and from the figures for the alkaline-eart 
iter’ and the values of \, for their thio ulphates in 44 ethanol the 
Ol)/Ag (water 0-36. We have therefore taken \, for the thio ilphat 
474 O36 31-3 and thu |} 


assumed Nas,O.,” and KS,O to have the value of 


‘lation shows that an error of 1 unit has little effect on the value of K i 
mparisons we deduce 29-0 for the NaS,O, lon-pair in 20°, methanol. 23-0 


anol, and 26-0 in SU", methanol The average d ition constants ar 


the numerous factors which influer the 


LUenICE 


their effective size Where essentially electrostatic inter 


extent to which i 


ction occur Bier ] 10 


jer! 

la jUantitative relation betwee n the disso ith nstant and the effect 
1On pail These values (a in A) are give Lin lable 4, together with the 

Ires lor water as solvent xcept for K a, In 44% ethanol, the « t 
On-palrs in water are bigger, implying that in mix¢ olvents ion-hydration 
reas 


ker, Johnston, and Pauling, and Vinal ].A ( 1952, 74, 2899 
1932, 64, 4125: Broa and A j } P} 1954, 22, 39 
tonal Critical Tables,” Vol. V, p. 22; (b) Tammann and Pillsburg.. Z. a 
iu, Vol. III pp. Lil--116 
!. Amer. Che 1939, 61, 1393. 
and Monk, Tvans. Faraday S 1951, 47, 992 
ed and Owen P 


Chem., 


hysical Chemistry of Electrolytic lut Re 1950, 
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led data 
K 
oO-vuuy 
0-957 
0-963 
O-vs2 


0-051 


1-029 
1-042 
oO-O13 
0-669 


MeOH 
yH 


titative relation between ion mobili ( nel ssed 
hich in terms of limiting mobilities | 


8-197 


idiu is its valency, and y mobility In terms of ani 
' 


be written 


»l | “o, 2) no <9 
constant 


constant we hav familias alden’s rule,“ Agy 
\,n (solvent). The ratio of e two is given in Table 4 under R 


methanol these are all within 5% of unity implying that no 


the effective radii of the intil the alcohol content become 


to the deductions made abx the ba treatment 


in solvents of lower dielect onstal the dissociatior 


maller the forces of ion-a ion are no longer purely electro 


tional thermodynamic functior or magnesium 


ethanol the following fi ( 1eT{ \ I the heat of 
rresponding e1 


2-16, AH® (25—30°) 


close to that found fo1 


EXPERIMI 
tus has been described el ( he nductivity water wa 
n-exchange resin column.“ P 1 methanol were prepared 
ial ule ohols with qui klime, au ving fH vhole to stand t veral days 
itrogen rhe solvents were made up by weight and stored 


unde: 
ilphate was recrystallised f , below 80° and dried at 35 
found for each batch by rat t ndard pota 
f B.D.H. Laboratory Reagent ule rystallise 


ium iodate 


d four time 


is made by viding magne Iphate ition dropyw to a stirred 
ulphate in slight exces evaporated 


inder a icuum d till crystals were formed he | 4 filtered and most of the 


; @iiti 
emaining bariun iosulphate precipitated b ium salt crystallised from 
wation at { and w I] 1 3 times from aleohol-water 

veight showed » 4 tal t P g'/ 6H,O 
“i when concentrated sodi j wo phat and tr 


strontium 
mtium chloride 


) 1912 78 257 
Tran lavaday , 1955, 51 
Davies and Monk, / 1040 


, ind Ind. 1950. 129 
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dripped into a small volume o! 


tallised three times from water; they proved 
turated solution of 6.D.H. calcium thiosulphat 
i filtere: OU ime l 


nd discarded most of the rer 


rocedu 


/ hie Influence of Hlectrolytic Dissociation “pon heat . of Reaction 


Part 11." The Thioe ulphate Propyl Bromide Reaction in Aqueou 


kk. KEVAN 


action between vari 


ith the free thiosulpl 


of the cations present a 


ints obtained are considerably higher than i based 


Jill 
t upon 
ometric thiosulphate molarities, but over mperature range the 

| to the same value for the energy of a Ihe isopropyl 
is also briefly discussed 


=== KS5,0,” + Lr~, where R is an alkyl group, is, according 
Hammett,’ bimolecular, irreversible, and relatively fast The resulting 
reasonably stable but, since hydrol he alkyl bromide can rende1 
cidic, buffers such as acetates must be pr it to prevent decomp 
Lon 
ent used by Crowell and Hammett,! namely, « (w/w) ethan 
ate used, from the eviden¢ upplied i le preceding paper, 1! 
We have endeavoured to see what } he effect of this by 
ial reaction is between alkyl bromide an Mo ulphate ion 
eature in detail, using not only sodium but also other thiosulphates 
M** were used, the presence of MRS,O,* and MAc* also had to b 
obtained from some solubility 


in which calcium t 


the velocit 


tum thiosul e with n 
ethanol at 25 


O05250mM; Prebit 0-U443imM va Ac 0-0050M 


eOAr 10*(CaPreS,O,*} 104 ‘ 


1a LO*h LO*k /a 
ov 4:5 s4 PS 10-46 
Wl ( 4-80 10-50 
0-3 4 3 1-6 10-42 
Woo } +-H4 10-43 


assumption that ion-pairing 1s absen he concentrations of Nad,O, 


ited from the known dissociation constant (see preceding )} and those of 
| CaPr®S,O,* from the solubility results reported below the 


final column 


T nts the velocity constant 7 eT t! betw n ilkyl] bromide 


the fractior total t! ulphate 5,0." 


pre e/a 


1mer _Aen 
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was obtained by using the dissociation constant of CaS,O, established by conductivity 
measurements in the preceding paper. The concentration yn-pairs were calculated 
fre t reneral ex 


pre iOTi 
log |io1 pal log ,|cation nior nf(1) 
's activity coefficient expre 
log fi 2 « 0-932{71/(1 27) = f(J) 


In these, z; ion valency, J ionk trength, 2"(anion) *(cation) 


(ion-pair) 
A series of approximations was needed to establish the true concentration A numbet 
of runs were analysed in this fashion and are summarised in Tab 


In the runs at the 
higher concentrations of thiosulphate, & changed slowly with time (see Table 1); the values 
given i able 2 are those obtained by extrapolation 0 


PABLI Reaction of thiosulphates with n (w/w) ethanol at 25 


10*| thiosulphate 10th 


7943 


(023 


10°47 


runs at different temperatures hav milarly interpreted for 0-05 
jum thiosulphate. The figures for these are gi lable 3 
Reaction of magnesium thiosulphate and n 


l bromide in 44-05 
ethanol at various temper 


#4 
rO4 


34°65 
Ii-l4 
4-11 
Hammett ! also studied the reaction 
isopropyl | ymide in 44° o é thanol. They used sodiur 1 
trations odium acetate in order to vary the ionic streng 
dipole effec We have recalculated their 
NaS,O, shown in Table 4 


between the thiosulphate ion and 
irying concen 
tudy any ion 
the presence of 


f sodium thiosulphate a 
at 2 


PriBr NaQOAr f LO*h fa I 

O-O5 “O28 j 0-62 O-216 
Olo oOlo v4 ‘ O-286 
0-10 O-1lo , h7 0-366 
010 O10 ( 0-444 


hyromide in 44-05 ethanol 


dlulnitty Mea ivementl In ordet to obt il hout 


MOAc*, MBr*, and MRS,O, 


thy 


the extent to which 
nbers of the solutions in the 


olubility 14 ethanol solutions of the 


0% 


The Influence of Ilectrolyti 


measured. Davies * has shown how the 
: calculated. The solubility data and consequent 


Bevan and Mon } 


dissociation 


e substances wa 
of calcium salts can thereby be 
ven in Table 5 


calculation is as follow 


le activity coetncies 
oO to above wi lation of ré juired a Ki t 
ition constant of the ion pair Ui 4 In water this* is 0-13 We have estimated 
0-009 here by multiplying the water value by the ratio of the values of Nad,O, 
two solvents »® 4.¢., by 0-0144/0-20. Our reason for doing this is that the ion-pair 
milar valency types and have about the same dissociation constants in water rhe 
rived by approximations, is thus 7-93 x 10 Al g 
of the sodium salt . NalO, LOn-pairs are also p rhe dissociation 
Solululity of calctwm iodate in sodium acetate, sodium bromide, and sodium 
thiosulphate solutions (44-0°, w/w ethanol; at 25 nen 10°* mole 1." 
ix I Kk (CaX 


alt alO, ( 


) 


Ca(lOy), 
Acetate 
3-100 0-172 
vl72Z 174-0 4 Oo14 
BOD 261-1 ‘142 (O16 
6810 435-1 : OO17 


the figures 


timate ba 
about 0-4 


this species in water is 3-0 and our ¢ 
two solvents is that AK (NalO,) in 44% ethanol 1 
bon used ire 
log [Ca® 10-1007 2 log [10, 6 0-932 
CalO, ; 2-046 / 0-932f(] 
log {Na 0-398 0-932/(1 


( 

Nal da 
val » 

Vaiues oO! 


between the olubilitie calculated 
ent the concentrations of CaX* pi n 

ear from Table 2 that, by assuming that the rate of reaction dé pre nd 
of the velocity constant are obtai 
Iphate molarity Phi 


measured 


iLO, ) repre 
| 


It is< 
tration of free thiosulphate ion, valu ve] 
juite different from those based on the total thio uly 
i at higher ionic strength Our average value of / 10-0 
5° is much higher than Crowell and Hammett’s \ of / 1-74 x 10% 

tancy of k/a for both y 4 | and Z: 2-val 

out any significant contribution by th 

o indicates that ion-dipole salt effect virtually absent 

this reaction was cal rowell and Hamm«e 


104 


nt si and over a range of 
charged ion-pairs NaS,O, 
are 


ulated by ¢ 


on enere* 


/ L048 
and Davies, 


ece ling paper 
1 Monk 
ill ar Da 


avada 1951, 47, 992 
1985. 1416 


Denne al 


1) 
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mole!. Our magnesium figures i ible 3 give a linear plot when log 


1 


to be 150 kcal 


T 
z is plotted against 1/7, whence from the Arrheniu 


log k/a = log A E,/2-303R7 


0O-l kcal. mole? and A 1-5 oto =f is used instead of &/a, 
Che former value of A is much the nearer general average ® of 2:7 « 10"! 

or a large number of bimolecular reaction 
of calculation also gives higher figures for the reaction between ssopropy] 
osulphate (Table 4). There is some change with ionic strength which may 
be due to uncertainties in the calculations or it may be due to an ion-dipole salt effect 
Che extrapolation of log (A/a) against J gives 7°: ole |.-! sec.~! for the reaction 


i vhereas the original workers obtained 2-94 


E.XPERIMI 


tion f the thiosulphates has been de ] in the pree eding papel Vogel 


reparation was used for n-propyl bromid Gravimetric analysis gave 64-92% 
heor., 64-96%). The sample was stored in dark bottle and refractionated at 
not greater than two weeks, The iodine-titrati solution was standardised against 
ulphate which itself was standardised against potassium iodate 
imple of n-propyl bromide was wv hed into a graduated flask containing 
ime was made up and the solution siphor ito a burette A known volume 
iduated reaction flask, the desired amour odium acetate stock solution 
iction flask placed in the thermostat \ stock solution of thiosulphate 
veight after its equivalent weight had been found by titration as described in 
The stock solution wa placed iW i thermostat and the reaction wa 
t portion into the reaction flask he time of half-delivery was taken as 
nin the reaction flask was made up to mark, not more than 5 ml. of solvent 
The whole was well shaken and a lume withdrawn by a lagged pipette 
stat rhe reaction was stopped by running the contents into 100 g, of 
rhe time of half-delivery, usually zero plus 1 min., was taken as the time of removal 
at zero time was obtained by extrapolati: icceeding titre iwainst time he 
weighing out of the n-propyl bromide was checked drolysing samples with sodium 
hydroxide in sealed tubes at 100° and analysing the produ I omide The values agreed 
vith those calculated within 0-04% In a few cases when sodium thiosulphate was used the 
ction was taken to completion; the thiosulphate used wa juivalent to 99-5%, of the n-propy! 
take! 
very dilute solutions the end-point with arch w not good [here was a marked 
this was decreased by using ml. of 0-IM-potassium iodide, 5 ml, of 1% 
ind sufficient iced water to make tl lun { Ihe colour change 
a fixed shade, and corresponding ( of th olour required 0-02 ml 
iodine to O15 n of 0-001 N-solution [} ! lus vas also lopted whet 
ng the thiosulphate against potassium 10 
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284. The Solvolysis of n-Propyl Bromide in Aqueous Ethanol. 


By J]. R. Bevan and C. B. Mo 


The solvolysis of n-propyl bromide in 44% ethanol, both alone and 
ith added bromide, has been followed. There is no salt effect. From 
temperature effects the energy of activation has been « 
ictions of m-propyl bromide in aqueous ethanol consist mainly in the replacemet 
ine by hydroxyl and ethoxide groups. Two other possible reactions are 


CHyCH,’CH,Br ——® CH,CH:CH, + H* + Br 


Hy 


oO 
& CH,’CH,’CH,OH + H 


CHyCHyCH,Br ——® CHyCH,’CH," 4 Br 
> CHyCH,CH,-OEt (b) 


EtOH 
ian and Hughes ! have shown that mechanism (4) is negligible with straight-chain 
halides in acidic solutions; the unimolecular mechanism for reaction (0b) i 
egligible * with these halides. The reaction is therefore uncomplicated, and in the presence 
of a large excess of solvent is pseudounimolecular ; and it is ideal for testing whether or not 
ire salt effects since the ionic strength gradually increases as the reaction proceed 
ydrobromic acid being highly dissociated in aqueous ethanol. By addition of magnesium 
bromide, which is also completely dissociated (as judged by conductivity data‘) in the 


olvent used, namely, 44% (w/w) aqueous ethanol, ionic strengths up to 0-14 were developed. 


/0 


\n example is given in Table ] 
| f 


TABLE | Solvolysis of 0-OSM-n-propyl bromide in 44-05°/, ethanol at 50 
Ml. of O- In og | 10% Ml, of O-in 
AgNO, (*) } ] (sec,~*) (mu AgNO, 
f OLLI O-Ol211 1-451 ; 37! O-G3007 
O1617 OO1616 1-467 5-823 32 003277 
02247 002099 1-459 
O-3198 0-02710 1-447 


Average values of the velocity constant (mol As at 50 


0-05m 0-10m + 0-025m-MgBr, 
1-453, 1-450 2 1-416, 1-410 


of k together with the values from other runs is given in Table 2, 
limits of experimental error the reaction shows no salt effects The mean 
id other temperatures } 


| 


« of the plot of log # against 1/7, which is linear, a mean activation energ 
0-2 kcal. /mole is obtained From this, the constant A in the Arrhenius equation 
10°, The same value was obtained by Moelwyn-Hughes ® for the hydrolysis of 
le in water, while Taylor ® obtained 1-4 10° for the solvolysis of isopropy! 
1 60° ethanol 


EXPERIMENTAI 
studied in sealed tubes since both nt an lute are volatile 
shown that in the hydrolysis of the ieth valid 1 water the 
between reactions carried « 
J/., 1940, 903 
140, 032 
y ph Chen 1924, 108, 121 


ughes, /., 1933, 1576 
1937, 992 
hes, Ps / Soc., 1953, A, 220, 386 
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and in its absence. For the present work, soft-glass test-tubes were drawn out to give bulbs 
of about 21 ml. capacity with a neck sufficiently wide before sealing to allow entry of a 20 ml 
pipette for introducing the samples. The free space above the liquid after sealing was 3—4% 
of the total volume. Since n-propyl bromide has b. p. 72°, no significant error is likely from 
the small vapour phase 

4 stock solution was made at 15°, 20 ml. being placed in each bulb, which was then sealed 
and placed in ice Four of the tubes, which were of Pyrex glass, were placed in boiling water 
till solvolysis was complete. The reactions of the others were started by placing them in 
boiling water for a predetermined time requisite to bring them to 50°, then in a thermostat at 
50° +- 0-02°. Tubes were withdrawn at intervals, cooled in ice, and opened, and the contents 
were washed into flasks and titrated for bromide by Volhard’s method. 2 ml. of Volhard’s 
indicator were added, followed by excess of 0-1N-sils nitrate from a microburette Pitration 
with thiocyanate to the red end-point was followed by addition of excess of thiocyanate and 
titration with silver nitrate. This gave a check on the end-point; the deviation was <0-005 m] 
of 0-1n-silver nitrate 

rhe reverse reaction was proved to be absent by heating a mixture 0-1M in n-propyl alcohol 


/ 


and in hydrobromic acid for 6 days at 50° in the same solvent 


are indebted to the Royal Society Grant or the loan of a calculating 
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Thermochemistry of Organophosphorus Compounds. Part I1.* 
Triethyl Phosphate, Tripropylphosphine Oxide, and Tributylphosphine 
Oxide. 

sy C. L. CHERNICK 


Values are reported for the heats of oxidation by hydrogen peroxide 


dissolved in methanol) of tripropylphosphine and of tributylphosphine to the 
phosphine oxide rhe heat of oxidation of triethyl phosphite to phosphate 


measured similarly, was appreciably higher than the heat given by reaction of 


triethyl phosphite with aqueous (5 rogen peroxide; in the latter 
however, it seems that the oxidation is in competition with hydrolysis 

The thermal data have been used to derive the dissociation energie 
D(O=PPr,) ~ 138-3 keal./mole, D(O=PBu keal./mole, and 
D{O=P(OEt),] ~ 150-8 kcal./mole. Comment is made on the apparent 
variability in the O=PR, bond dissociation gies with changes in the atom 
or group Kk, and some of the factors that n ponsible for these 


variations are discussed 


ylphosphines are readily oxidized t eir cor mding oxides by variou 
agent e.g., Davies and Jones! mention specifically nitric acid, potassium 
inate, peracetic acid, and hydrogen peroxi e last seemed most suitable 
: present studies, as its heat of formation i ready well established, and the reaction: 
H,O, —+ K,PO + H,O take place rapidly at room temperature in methanol 
xidation of triethyl phosphite to phosphate b iydrogen peroxide in methanol 

kes place readily, and appeared suitable for t] ochemical study 

EXPERIMI 
i-n-propylphosphine and tri-n-b Iph ine were prepared according to 
ind Davies, Pearse, and Jones,* | ion of phosphorus trichloride with 
mard reagents The crude pro ( fractionally distilled under 
through an 8” gauze-] lumn rhe tri-n-propylphosphine 
1955, 3936 


n¢ J., 1929, 33 
und Jones, /., 1929, 1262 


Chernick and Skinner: Thermochemstry of 


and the tri-n-butylphosphine fraction (b. p. 110-—-111°/10 mm 


74—75° /6-5 mm 
acuo, and collected and sealed in thin glass ampoules. Triethyl 


’ 
ned, redistilled in 
in Part I, Tri-n-propylphosphine oxide was made by 
the phosphine with hydrogen peroxide in methanol; the resulting solution was 
50 mu retained, Tri-n-butylphosphine 
at 


yaS prepared as described 


al tilled, and the fraction 0 p 262 
7 


prepared similarly (b. p. 203-—206 
ire, and are very hygro copK 


Both oxides are colourless solid 


e oxidation reactions were 


The caloriuneter was that described in Part | lr} 
into 750 c.« of 


containing known weights of reactant, 
vhich a small amount of hydrogen peroxide was dissolved. The resulting tempe1 

followed by the change in resistance of a shielded thermistor element. A slow 
was maintained during each experiment 


breaking ampoules, 


of nitrogen (saturated with methanol vapour 
piece fitting the Dewar vessel, to prevent oxidati by air; also the methanol was 

degassed and saturated with nitrogen, until rid of di 

rhe hydrogen peroxide consumed was determined volumetrically: a known 

ulphate solution was added to aliquot samples of the initial methanol 

t the excess of ceric ion wa 


iived oxygen, before use in 


ric ammonium 
peroxide solution and of the final calorimeter conten 
itrated against ferrous ammonium sulphate solution, ferroin being used as indicator Phe 


was standardized against potassium dichromate solutio 


the thermochemical calori 


immonium sulphate solution 
All heat quantities are given in units of 
4:1840 abs. joule Ihe experiments were performed at 25 
a) Oxidation of tri-n-propylphosphine. The methanol—hydrogen peroxide solution 
1-7 ml, of hydrogen peroxide (110-vol.) per 1, of methanol. Nine measurements of 
oxidation of propylphosphine were made; the purity of the phosphine, determined 
99%. The observed heats of reaction (AH, 


drogen peroxide consumption, was 97 


equation : 
H,O,,4:7H,0 (methanol so & OPI, iH, methanol soln 

given | : the values ¢ 

ed. The limits of error 


arising from possible 


ative selection from the values of AH), i 
yen peroxide consumed, and not on the weight of p 
iched to the mean AH,,.. we estimate at ca : 
i] in the volumetric analysis, and errors of simil 


o 


1¢ calorimetry 


PABLI Heat of oxidation of tri-n-propyl phosphine 
Purit NH ois H,O, I 
keal rT, used 
le) mmol mmol 
1420 4-367 


1-280 4-177 108-1 


Olution of solid tri-n-propylphosphine ox nethanol * was me 
1-32 kcal. /mole [he heat of solutior ) j rogen peroxide 110 
is barel listinguishable it the concentrations used in the oxidation st 


iter in methanol According! we may obtain, f the idealized reaction 


liq 1,0, (lig & Ol'Pr, H,O 
106-8 2) kcal. /mole Accepting the values, AH/® (H,0, liq.) 68-3 kcal. /mole, 
H,O,, liq 45-7 keal./mole (N.B.S. Tables, Circular 500), we have from eqn. (2 
é AHf*(OPPr,, c.) MH f° (P Pr, liq 84-2 2) kcal. /mole 
lation of tri-n-butylphosphi Six measurements « heat of oxidats 
shine were made, from which the mean value AH 107-0 kcal. /mole re 
ninat of purity from the hydrogen peroxide t 
tripr lphosphine oxidations, although all (except « 
lightly larger error limits ( 
f solution of tri-n-butylphosphine 
1-20 keal. /mole Hence, for the ide 
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c) Oxidation of triethyl phosphite. Preliminary measurements on the heat of oxidation of 
triethyl phosphite were carried out with aqueous hydrogen peroxide as oxidant Che experi 
itions were essentially the same as those described by Neale and Williams.* The 
heat of oxidation, when 5% aqueous hydrogen peroxide was used, was found to be AH 

99-2 kcal. /mole. 


However, in aqueous hydrogen peroxide, the oxidation of ethyl phosphite takes several 


mental cond 


minutes to approach completion, owing to the slowness of the solution of the phosphite in water 
Che possibility that some triethyl phosphite might lost during this time through competing 
hydrolytic reactions could not be disregarded I econdary ester, which is formed by 
hydrolysis, exists in the keto-form, H*PO(OEt), h the phosphorus atom already in the 
quinquevalent state, so that it is not readily oxidized, Hence it may be that the heat measured 
when using aqueous hydrogen peroxide is composite, in part arising from the phosphite —» 
phosphate oxidation, and in part from hydrolysis of the tertiary phosphite 

Arbuzov * and Arbuzov, Zoroastrova, and Kizpolozhenskii* have stated that triethyl 
phosphite is stable in pure water, but is hydrolysed quite rapidly in the presence of dilute acids 
[wo experiments were carried out to ascertain whether or not hydrolysis occurred in the 
calorimeter under the conditions of the aqueou xidation experiments First, a sample of 
triethyl phosphite was broken into 750 ml. of aqueous hy hloric acid, in the calorimeter, and 
the time-resistance graph was plotted for 2 hr. afterward here was an initial rapid resistance 
change, followed by a much slower one, after which the plot straightened out; the overall heat 
change was of the order 17 kcal. per mole of triethy! phosphite added In the second experiment 
a Similar sample of triethyl phosphite was broken into 7! l. of conductivity water In this 
case the resistance change occurred more slowly, but the overall change after 2 hr. was again 
similar (AH 17 kcal./mole), The heat evolved is appreciably larger than to be expected 
from a mere heat of solution effect, and indicates t! ydrolysis occurs both in acid and in 
neutral solution, although less rapidly in the latter 

Because of the possible complications due to hyd ysis in the aqueous oxidations, the 
oxidation by hydrogen peroxide in methanol wa sosen for further study Since triethyl 
phosphite is easily soluble in methanol, the reaction occurs far more rapidly in this medium, 
and it was now possible to use very dilute hydrogen peroxide rhe procedure was that described 
for the oxidation of tripropylphosphine ost ‘s, samples of phosphite were broken 


into methanol—hydrog 


zen peroxide solution containing an excess of peroxide (relative to added 

phosphite), and the amount of peroxide used wi: timated volumetrically rhe reverse 

procedure (excess of phosphite into peroxide) was followed in a few cases Finally, some 

experiments were done using dry methanol (dehydrated with magnesium methoxide) in which a 

mall amount of 90% hydrogen peroxide was dissolved; these may conveniently be termed 
r-free conditions. 

Nine experiments were made in the calorimeter, the first four with a sample of ethyl phosphite 
which was made without special precautions against atmospheric oxidation, Subsequent 
infrared analysis of this batch sample showed it to contain ca. 56% of impurity (ethyl phosphate) ; 

pondingly, with samples from this batch, the hydrogen peroxide consumed was found to 


w (94-96%) on the weight of phosphite taken econd batch, prepared under nitrogen, 


‘ | 


rity figures of 98--100% on hydrogen peroxide consumption, and the infrared analysis 


FABLE 2. Oxidation of triethyl phosphite 

P(OEt Purity ) NHote.* 

nmole fromH,O, used kcal, /mole Comments 
6-330 96°53 116-3 ‘ of 30% H,O, in methanol 
5-476 98-2 116-1 

4-986 100 115-9 

5-103 100 Lih-4 

928 100 117-8 

Mean AH oi. 


for the heat of solution in methanol ew r contained in 30 H,O, added 


¥, of ethyl phosphate a pul : on from the results obtained 


solution of liquid ethyl phosphate in nol was measured separately and 


Williams, /., 1956, 2485 
J. Ru Ph Chem. Soc., 1014 46 
Zoroastrova, and Kizpolozhenskii, / 
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mall (AH, ,, 0-1 keal./mole); for ethyl phosphi n methanol, AH 
Thus, for the idealized reaction, 
P(OEt), (liq HO, (liq.) & OP(OEt), (liq.) + H,O (lie 4 
reaction is unchanged from AH,,, of Table 2, and the difference 
OEt},, liq AHf*( P(OEt),, liq.) 93-7 keal./mole. The limits of error in AH,, 
te at ca 2 kcal./mole. With the value given in Part J, AHf°[P(OEt),, liq 
mole, we obtain AHf*(OP(OEFt),, liq 297-8 kcal 


DISCUSSION 


it of dissociation of a molecule OPR, in the gaseous phase, OPK,(g.) 
g.), 1s given by the thermochemical equation 


D(O=PR,) = AHf*(PR, g AH/*(OPR,, g 


oleculs Ne Ot, the heats of vaporization of both PR, and OPR, have been 
® AH ya) P(OEt), 10-0 keal./mole, AHy,)[OP(OEt), 12-0 keal./mole, so 
obtain AHf*| P(OEt),, 5 AHf’(OP(OEt)s, g 91-7 keal./mole As the value 
591 keal./mole is well established (N.B.S. Tables, Circular 500), eqn. (5) then 

1¢ D(O=P(OEt), 150-8 keal./mole 
of vaporization for propyl- and butyl-phosphine and - 
ted, but, from the boiling points and Trouton’s constant the difference in the 
iporization of the phosphine oxides and the phosphines may be estimated at 
iwlk Ihe heats of fusion of the phosphine oxides are also undetermined; an 
ca. 3 keal./mole cannot be seriously in error, however. Thus we may derive 
1383 keal./mole, and D(O=PBu,) ~ 137-2 kcal./mole; these values may bi 
within limits of ca 4 kcal./mole, allowance being made for po ible errors in the 
mochemistry, coupled with the assumptions made in respect of the heats of vaporiz 


ho phine oxide have not 


dissociation energies now reported are higher than those in the phosphoru 
ind it seems that D(O=PR,) values may vary appreciably with changes in the 
We are unable to give a detailed explan: w the apparent variability 
ociation energi but the problem is not easy, since the dissociation 
ompanied by a change in the valency state of the phosphorus atom, so that 
nization in the PR, part of the OPR, molecule is likely to occur on dissociation 
es Clor I’, the structural parameters in both PR, and OPR, are accurately 
tudies in the microwave spectral region,® and on dissociation of OPHal,, wi 
that the P-Hal bond lengths increase slightly, whilst the Hal-P-—Hal angle 
Although these changes are not large, they may well involve a reorganization 
ignificant magnituck Ihe structural parametet ¢, and OPR,, where 
Pr, or Bu, are not known 

! length in OPF, and in OPC], is 1-45 A,* a t] ume as found in the 
“11, of the diatomic PO molecule (r, 1:447 A; Herzberg *) for which 
the dissociation energy as 143 12 keal, /mol Chis bond length is eve 


that observed in the ground-state, 'Z*, of the PN molecule (7 1-491 A), i 


. onabl to Uppose thers ! tl ple bond P N 1 hae I mulation O- PHal,, j 
en pho phoru linkage 1 repr ented i i double b I hus not altogether 
We prefer to regard the OPR, molecules oO 1 which the tetrahedra 


d by back-co-ordination from t! + 2 and 2,7 orbitals of O 
nf , orbital ol P (thu nving Die be f i i r), with the furthe 


ind Jon J., 1930, 1310 
inner, / 1053, 450 veaie and Willi 
wards, and Gordy, PA) v., 1949, 75 
Willan 
ilar pect 
rk, 1050 


iation Energ 
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possibility, in case that R, possesses donor electrons, of weaker back-co-ordination to P 
from the R, group (cf. Kimball ™). The stability of the OPR, malecule should, in this 
lepend to some extent on the propensity of the atom or group KR to act as a donot 

kinner and Smith ** have previously suggested that the OEt group is more powerful in 
back-co-ordination than is the Cl atom, and this | ht be one factor responsible for the 
increase in D O=P(OEt),| over D(O=PCI,). Lt iowever, difficult to explain in these 


terms why the bond dissociation energies in the alkylphosphine oxid hould be larger 


than in the phosphorus oxyhalides 
In conclusion, we draw attention to an important a iption made in interpreting most 
of the results given here, namely, that hydrogen pe 
H,O. This assumption has not been 


oxide is consumed only in accordance 

with the equation R,P H,O, —» R,PO 

experimentally verified by us, and objection could be raised against our conclusions on this 

account Chere is the po sibility, e.g., that small an pho phine pe roxides, R, Pe do, 

which have been reported by various workers,'* are form which might analyze a 

ed hydrogen peroxide and thus escape di 101 \n attempt to eliminate th 

by some further experiments, in v of phosphine was added to 

ven. peroxide in methanol was unsuccessful, and the measured heats of reaction unde 

th conditions were not reproducible. In our opin the thermochemical results given 

here need independent verification, possibly by oxidation studies based on some other 
agent than hydrogen peroxide 

he authors thank Mr. L. T. D. Williams and Mr. |! teale for helpful advice on this research 
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The Dipole Moments of Pyridine, Wuinoline, and isoQUuinoline 
as Vapours and as NSolutes. 


D. BuckincuaM, J. Y. H. Cuau, H. C. | 
D. A. A. S. NARAYANA R 


Determinations of the polarisations of 
vapours reveal limitations in accuras 
angement New measurements of thy 
lutes in light petroleum, carbon tet: 
id quinoline conform 
Buckingham and Le Ik« 
the first Phe wu, 
expected This be 
olvent 
quaternary polar compl é ively ‘ogux Mught 
n effect of solvation In eit e momet ind hen 
le recorded by use « 
F ius 
lutior ‘ ld appear to be larger than tl 


elation 


[HE measurements here recorded, commenced sever: rs ago, were to provide critical 
the comparison of various equations by wi hi true or gas-phase dipole 
f molecules could be predicted from exper ym solution It seemed that 
pyridine, quinoline, and tsoquinolin red interesting differences in 
ough their polarities were rough! 
for the three “ gas’’ mom were available, determinations of the 
vapours at temperature om 90° to 315° were undertaken Phe 


clow were made by several | t rs at widels epal ited interval 
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Phe hoped to 

diffi incurred in making the polarisation measurement 

the uncertainties inherent in the calibration of the apparati 
DCIOW 

In determinations of the electric 

in benzene have been supplemented; and new ones have been n 

) tetrachloride 


order of their accuracy is not so high as it wa achu 


ultye 


are 


iddition, earlier the 


moime 
[hese results are summarised in Tabl 


Dipole moments and peo, , ratios for pyridine, quinoline 


MOO, Migs Vyas Mis 
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2°29 (0-05 0 
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My 
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0-06 
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Wo 
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are standard deviation 
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to be 1% of the values tabulated 
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219 
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572 $447 
O)/ TL j 
G1O0)/7 
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46,270 
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method 2-73 
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2:76 
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Debye equation 
Kefractivity 
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eman, Le 
lévre, R 
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and ISOGUuinou ne 


HCH, | Pewe 


Lvl 
0-08 
0-06 
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lhe results are shown in Table 2. For pyridine, the two series of determinations gave 
Debye equations which were compatible with each other within the standard errors of their 
A and B terms. The measurements with benzene as standard were more self-consistent and 
hence the value u 2-23 +. 0-02 p will be taken for the true dipole moment of pyridine. 

From the experimental standpoint, the temperature ranges over which the measurements 
could be made were limited by the b., p.s of the substances on the one hand and by the instability 
of vacuum-greases, glass diaphragms, and electric connections on the othe For quinoline 
and isoquinoline, these conditions restricted measurements to ranges of ca, 100° ; extrapolation 
from such short temperature ranges gave standard deviations of ,P, in the Debye equations, 


PABLE 3. Dtelectric constants and densities of solutions 
10°, fa5 - l'w, 


Pyridine in light pe leun 
19805 if 1883 20212 07004 3940 -70387 
1-9913 S982 1958 2-05 0- 69905 4247 0O-7041 
20017 Hi 2444 20622 00-7006 


Pyridine in carbon tetrachloride 
23845 7420 
2 4641 )H882 


ine in benzer 
4420) 7384 2s 2-4740 6081 O- 88019 
3660 76 4 26217 } 6035 : { O-SS108 
$039 
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1965 1-O806 0-7OO8 2 0400 07052 
2625 2-0109 702 ”.O507 00-7061 
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1422 2:3430 
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1875 2-3585 1106 ORTU4 
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2026 4055 { 3557 g O- 8805 
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1- 58308 1261 23660 7 157352 
158304 1365 23774 i} 1 56806 
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23264 io Y O- 87588 


jORv ORT504 SOG 
' O- B7830 


$204 O-87538 Oso 13320 
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1410 Dipole Moments of Pyridine, Quinoline, and isoQuinoline, etc. 
itively, our estimates of poo, may be too high. It is seen from Table 5 that the 
ow presented are greater than those of previous authors : this could in part be duc 


iethod of extrapolation used? which often leads to higher figures at infinite dilution 


Tasie 6. Predicted values of the ratio u 


Pyridine Quinoline oQuinoline 


‘ 

3 

{ 9 
6247 6229 


Lp C,H, Lp cc, C,H, lL.p CCl, C,H, 
O-G54 92 0-918 0-995 0-982 0-975 0-963 0-943 934 
0-952 0-912 0-994 0-966 0-961 0-944 0-908 903 
0-962 W. 0-920 0-979 0-969 0-964 0-984 0-968 956 
1-02 1-01 0-95 0-99 0-98 0-95 0-97 96 
+ 0-03 d 0-03 0-06 0-06 0-06 0-04 0-04 0-04 
above, where necessary, the following pre of the solvent 
solvent dy’ e, f 1) /(e, 
eum 06059 2 1-9300 2366 


trachlorice 158454 2124 2270 O° 2005 


O-S7378 2-: { i2 0-2978 


an does the older (and less certain) graphical procedure ; in this connection it is relevant 

it the actual experimental observations by Le Févre and Smith are, at their concer 

ations, concordant with those now found 

Real exaltations of apparent moments in solution could arise from at least two cause 
ociation of solute and solvent giving a polar complex, or solute-solvent interaction 
ing the atomic polarisation of the dissolved molecule to be greater than that of the 
molecule, Partington and Middleton !* reported, without practical details, the 
moments of pyridine in carbon tetrachloride and benzene as 2-33 and 2-26 pb, respectively 
in other media results were lower (cf. Table 5) and the suggestion was made that pyridin¢ 
forms an adduct with carbon tetrachloride; evidence was cited that this substance under 
ome kind of association with benzene and toluene (in which the apparent moment was 
given as 2°26p); however, the fact (Table 6) that ton, /gus (exptl.) is 1-02 in light petroleum, 
1-06 in carbon tetrachloride, and 1-01 in benzene does not offer much support for a hypo 
thesis that a polar complex C,H,N,CCI, is formed. Nevertheless solvation in general might 
lter the force constants for the various bending modes of the dissolved molecule (stretching 
eem to be reduced by solvents, cf. Bayliss, Cole, and Little ) and thus 
vre and Rao) affect the atomic contribution ,P to the distortion polarisation 
literature contains much evidence *! which suggests that atom polarisations of 

pecies may sometimes be unexpectedly greater in solutions than in gases. In the 
particular case of pyridine, pPpyriain 24-1 c.c. is likely to be an underestimate ince 
pyridine possesses two polar links (C—-N) and benzene none, 4 P pyridine Should exceed 4 Prensene, 
ch 2 j l ex From Goethals’s finding™ that P minus R for 4: 4’-dipyridy! is 
24) c.c,, a reasonable value for 4P pyridine might well lie between 3-5 and 45 c.« 

idded to R, (23°3 c.c. calculated from refractivities given in Landolt 

labellen,”’ 1912 edn.), then yp? becomes 26-8—27°8 c. 

[his is not far from the value 1-1 Rp = 26-5c.c. assumed by Leis and Curran.™ Further 
from the temperature dependence of the polarisations of solutions of pyridine in benzen 


Rau and Narayanaswamy ™ calculated an A term of 31:3 2 cx Use of this figure 


, Trans. Favaday Soc,, 1950, 4, 1 
tington and Middleton, Nature, 1938, 14], 516 
Cole, and Little, Austral. /. Chem., 1955, 8, 26 
re and Rao, Austral, J]. Chem., 1954, 7, 135; 1955, 8, 39 
} mythe and Walls, /. Amer. Chem. Soc., 1930, 62, 2234; Morgan and Lowry, 
1030, $4, 2385; Jenkins, Tvans. Faraday Soc., 1934, 30, 739 igden, ibid., p. 734 
ethals, Re Tvav. chim., 1935, §4, 209 
f and Curran, /, Amer. Chem. S , 1945, 67, 7% 
i ind Naraswan Z. phy Chen 1934, B, 26, 23 


1956 Stereochemistry of Tropane Alkaloids. Part IX 1411 


conjunction with Rie 127°8 c.c. (Table 5), leads to moments of 2-17 0-OL p, which 
do not excec dp t 2-19 D obtained via the refractivity method (with Ry 24-1 cu a or 
Ugas = 2°23 D, via the vapour polarisation—temperature relation (see Table 2). It is 
relevant that Rau and Narayanaswamy found that the A terms for quinoline-benzene and 
1soquinoline-benzene systems were much closer to Ry than was that for pyridine 

We conclude, therefore, that the apparent alterations of polarity by solution of these 
bases, particularly of pyridine, may be due to causes other than the physical solvent effects 
for which the equations used in Table 6 were devised 

Finally, we have considered the moments deducible from the ¢,, and d¥ of the same 


heterocycles in the liquid state.*5 These are set out in Table 7; the dielectric constant 


PaBLe 7. Calculations of uy... from data on the pure liquid 
i 


Mune 
tPriguia . tuckingham and Hens 
fo, as (cx Nauk sage Le bévre) expt.) 
12-01 0-978 63-5 
&-704 1-000 85°35 
10°71 1-009 8-8 


' 26 


are close to those given in the “‘ Table of Dielectric Constants of Pure Liquids.’ 
Kefractive indexes and shape factors are from Table 6. Under tyiquia are the apparent 
moments « omputed from the differences between the total polarisations, (¢ 1)M /(e + 2)d, 
ind the molecular refractions of the liquids. The values of yy, calculated by Onsager’s 
equation *’ are compared with those derived from jjquiq by use of Buckingham and 
Le Févre’s empirical relation (5). The results favour the latter expression in two case 
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287. Stereochemistry of Tropane Alkaloids. Part IX.* Selective 
(uaternisation of Tropan-32-ol and Tropan-3-o0l and of their Deri 
atives, 

By GABOR Fopor, KAROLY KoczKA d JANOS ryAN 


‘ Direct ’’ and reverse ‘’ quaternisation of tropan-3¢ id nortropan 
has given N-epimeric N-ethoxycarbonylmethyl- an V-carbox 
|-tropanium salts to which definite configurations have been allotted 

3a-ol ethiodide and N-ethylnortropan-3a-ol methiodide h been 

n to differ, as have the epimeric N-ethoxycarbonylmethyl]-3a-hydrox, 


tropanium iodides and the derived betaine 


rue formation of a particular N-epimer, depending upon the or of attachment of 
groups A and Bb (e.g., methyl and ethoxycarbonylmethy]) to the nitrogen atom of nor- 
tropine,’ nortropine,** (-+-)-tropane-3a : 66-diol,* and norecgoninol® has already been 


art VIII, Fodor, Kova and Halmos, /., 1956, 873 
dor, Meeting Hung. Chem. So« 
irat, 1953, 68, 242 
1, Lecture, Meeting Soc. Hung. Chemist Deb 
id Vincze, Vegyip. Kut. Int. Kdzl., 1953, 4, 293 
f. Findlay, J]. Amer. Chem. Soc., 1953, 76, 3204 
rt VI, Fodor, Téth, and Vineze, /., 1955, 3504 
XIVth Congress Int. Union Pure Appl. Chen 
/ 1956, 873 


Fodor, Koczka, and Lestyan : 


6 Direct ” and “ reverse ’’ quaternisations of nortropane-38- and -3a-ol * ar 


orted 

ethyl iodoacetate tropan-36-ol. (Ja) gave N-ethoxycarbonylmethyl-36-hydroxy 
N-Ethoxycarbenylmethylnortropan-3¢-ol (Ic) [from nortropane- 
gave, with methyl iodide, the N- 
fhe diastereoisomer 


tropanium 1odide (Lia). 


4-ol (1h) and ethyl O-toluene-p-sulphonylglycollate 
epimer (Illa) of (Ila). The bromides were similarly prepared 
formed from the tertiary bases under identical conditions, showed different m. p.s, 


olubilities, and crystal forms 
Ihe betaine (LV), obtained by hydrolysis of the ester (Illa), readily lost a molecule of 
tallisation, but the betaine hydrate (V) formed from the epimeric ester (11a) 


' 
tereospecific behaviour 


Vater ol 
iydrated even after 2 hr. at 110°/30 mm This highl 
lained by assuming hydrogen bonding between water and carboxylate anion, 
[he stability of the anhydrou 


, between carboxylate anion 
LV) The two betaine 


to the configuration (V) for the betaine hydrate 
epimeric betaine might be due to hydrogen bonding 


3-hydroxyl group as permitted by the configuratior 


rat iowed different solubilities and crystal form 

With hydrogen bromide and iodide the betaines gave N-epimeric carboxymethy] 
deri \ 11h) and (IIIb) rhe reconversion of the bromide (11d) into the N-ethoxy 
carbon ethyl-3¢-hydroxytropanium bromide (Ila) by diazoethane is evidence for the 
tereomutation during these change 


CO-O°*H 
A V4 
. fe) 
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a) Me CHyCO,EPt 
b) Me CH,CO,H 


Me. sz co-o 
«N 
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‘ ff ¢ t 
M CH,* dol 
4) CHeCO Vt Mi 


behaved differently toward 
1. Even concentrated 


Unfortunately, although the epimeric carboxylic acid 
reagents, quantitative cyclisation could not be achievec 
d at 0° left the acid from tropan-36-ol intact. Evaporation of the betaine (I\ 
»bror and hydriodic acid caused partial cyclisatior d although separation of 


(VI) and of the acid (III) proved difficult, infra-1 


Mclonising 
| i! 


1 * maxima characteristi 


menclature see / 1953, 721 and 1955, 3504 
indebted to Dr. Pliva (institute for Organic Che 
Prague) for these spectra 
{cta Chim. Acad. Sci. Hung., 19566, 5,379; Experientia 
October 23rd, 1054 {nge Chem., 1955, 67 lI 
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of lactones (at 1750 and 1623 cm.~!) were detected in a selected crop of crystals. With 
acetic anhydride the acid chloride gave only the acetate of a mixed anhydride. Although 
pyrolysis of N-ethoxycarbonylmethyl-33-hydroxynortropanium toluene-/-sul phonate gave 


X Ray diffraction pattern 


N-Ethoxy Na-(?)Carboxy Ni Carboxy 
arbonylmeth yl meth yl-3a methyl-3a ¥-Ethylnos 
nortropine hydroxy yydroxy tropine rropine 
opanium iodide methiodide tropanium t vaniut nethiodide ethiodide 
Vile or da) VIIb or a) betain« 1 (Vila or b) (VIIb or a) 
: d 
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33-hydroxytropanium toluene-p-sulphonate (presumably by of ethylene followed 
irboxylation 7), ethoxycarbonylmethyltropanium iodides were observed to resolidify 
their m. p.s, forming a mixture from which were isolated tropan-36-ol methiodide, 
lactone (VI), and (probably) NN-di(ethoxycarbonylmethy])-3¢-hydroxynortropanium 
stereomutation, intermolecular alkyl-cation exchange, and lactonisation of 


te Na-ethoxycarbonylmethy] compound occur 


1414 odor, Koczka, and Lestyan 


Lactone formation by the N-epimer from “ reverse ’’ quaternisation permits the 
pecification of the N-substituents as Na-methyl and Na-ethoxycarbonylmethyl in the 
unds (Ia) and (Ic), in agreement with the predictions from conformational 

+,° of the greater stability of an axial 2-substituent in | : 3-diaxially substituted 


of 


lactone formation from }-nortropine, as contrasted with the cases of 
tropane-3a ; 6¢-diol, may be due to the prevalence of the chair-form in tropan 
itives.*® The formation of a lactone-salt,!® involving the primary hydroxy] 
by the action of methyl iodide upon N-ethoxycarbonylmethylnorecgoninol diacetat 
vith this assumption, since in this case lactonisation can occur even with the ring iy 
lorm 
e experiments with tropan-3a-ol have also been done With ethyl iodoacetate it 
V-epimer (VIle or d) different from that (VIId or c) obtained by ethoxycarbony] 
ition and methylation of nortropan-3a-ol. In addition to crystal photograph 
examination '4 (see below) proved these epimers different. The related betains 
ilso prepared 
t this work was in progress Findlay * claimed that, although N-ethylnortropins 
de differed from N-propylnortropine ethiodide, the salts from tropine and ethy! 
ind from N-ethylnortropine and methyl iodide were the same Chis last finding 
consistent with our observations 44% on the ethoxycarbonylmethyl] derivative 
therefore examined the methylation of N-ethylnortropine and the ethylation of 
Professor Koch and Dr. Gy. Grasselly of the Institute of Mineralogy, Szeged 
found the resulting tropine ethiodide to form optically isotropic crystals whilst 
nortropine crystal was anisotropic The picrates were even more striking] 
t rhus, with these tropine bases also the order of quaternisation determines the 
figuration. Unfortunately, apart from X-ray examination (being undertaken b 
lavry, Amsterdam), methods are not available for determining the configuratio 


ymmpounds with a«-hydroxyl groups, and at present particular orientation 


only be assigned by analogy with tropan-36-ol and ecgoninol 


interpretation of his findings cannot be maintained. Our observations and 
ive recently been corroborated by Zeile and Schulz ™ from infrared examination of 


of N-epimeric tropan-3a- and -36-ol: 


I. XPERIMENTAI 
ulphonyleglycollat Ethyl diazoacetate (7-35 in ethyl acetate (50 ml 
with shaking, to toluene-p-sulphonic acid (11 g.) in the same solvent 
evolution had stopped and the solvent was ¢ porated in vacu Phe 
ith water (500 ml.) and dissolved in ether Removal of the latter 
ilcohol wave the ester (5 g.), m. | § | | 51-3 H, 5-3 
requires ( 51-15 , 545; S, 12-4 
Imethylnortropan-3! Nortropan : | 27 g ethyl O-toluens 
ollate (7-58 g.), and dry ethanol (20 ml.) were re | for h Removal of 
trituration with ether gave N-ethoxrycarbonylmethyl-34-hyd lropanium tolue 
121-—123° (Foun C, 56-3; H, 7-6; N, 3-4 
as an oil which slowly « tallised 
onylmethyl-38-hydroxytropanium lodid Illa in 
20 ml.) was treated in turn with 1-28N-sodium ethoxide (10-4 ml.) and dry benzene 
lium toluene-p-sulphonate (2-32 g.) was removed and the filtrate and methyl iodide 
' 


kept in a stoppered flask (100 ml.) at 20° for 20 hr rystals (3-085 g.; m. | 


Chem, and Ind., 1953, 664 
|. Amer. Chem. Soc., 1953, '76, 4839; Archer and Lewis, Ch and Ind., 1954, 833; W 
1 de Vries, Acta Cryst., 1954, 7, 288; Nickon, /. Amer, Chen , 1955, 77, 40904 
Fodor, and Halmos, Part VIII, /., 1956, 873 
ese measurements we are grateful to Dr. A. Almdsy, Resear Institute for Heavy Chemi 
szprem and to Dr. Gy. Bacakay, Head of the same Depart: nt 


' 
1955, 88. 1078 
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209° (decomp.)} (Found ; C, 40-2; H, 6-5; N, 40; 1°, 35:3. C,,H,,O,NI requires C, 40-6; H, 
6-2; N, 40; I~, 35-7%) were collected and washed with benzene (12 ml.) and ethanol (3 ml.) 
Evaporation of the mother-liquor gave a wet crystalline powder (1-41 g.) which was collected 
with the help of dry acetone, giving a second crop (0-695 of iodide 
the first 

Nb-Ethoxycarbonylmethyl-38-hydroxytropanium Bromide (Ila rropan-36-ol (2-82 g 
ethyl bromoacetate (3-34 g.), and benzene (20 ml.) were kept at 25° for 24 hr Che product 
(5-75 g.) gave prisms of the bromide (3-08 g.), m. p. 214° (Found: Br-, 25-1. Cy,gHO,NBr 
requires Br~, 26%), on crystallisation from ethanol! 


m. p. 200°, identical with 


(b) The salt (116) (0-5 g.; see below) in alcohol (70 ml.) was treated with ethereal diazoethane 
(0-024 g./ml.), and when nitrogen evolution ceased more diazoethane solution (10 ml.) was added 
After } hr. the solvent was removed and the product p. 206—208° (alone and mixed with 
the above specimen), was collected with acetone ; 

Nb-Ethoxycarbonylmethyl-38-hydroxytropanium lod Ila rropan-38-ol (2:15 g.), dry 
ethanol (30 ml.), benzene (50 ml.), and ethyl iodoacetate 9 g.) were kept for 17 hr.; a first crop 

tals [4-23 g.; m. p. 204° (decomp.) (Found 10-5; H, 6-4 Be OB: 3 35-8 
NI requires C, 40-5; H, 6-2; N, 40; I-, 35-7 s collected Evaporation of the 
mother-liquor and trituration with acetone gave a nd crop (0-81 g.), m. p. 199-201 

10 MI. of dry ethanol dissolved 1-4 g. of the salt (Illa) and 0-31 g. of the epimer (11a). 

Betaines from the Ester Salts,—An aqueous solution ie salt ([1b) or (IIla) (2-2 g.) wa 
shaken with silver oxide (2-2 g.) for } hr. Filtration, evaporation, and recrystallisation, from 
ethanol (10 ml.), of the product from (Ila) gave the betain 0-3 g.), 270° (Found: C, 
55-25; H, 8-9; N, 67. Cy H,,O,N,H,O requires C, 55-2 8-75; N, ¥.) after drying at 


110°/30 mm, for 2 hr A second crop (0-7 g.) separated later vaporation of a solution of the 


‘ 


betaine (V) (5-6 g.) in constant-boiling hydriodic acid, and crystallisation of the residue from 
ethanol, gave the iodide (IIb) (6-7 g.), m. p. 214° (Found C, 36-2: H, 60; N, 46; I”, 37-4 
CoH ,,0,NI requires C, 36-7 H, 5-5; N, 43 I~, 38-8% The betaine (V) (0-22 g.) with 
picric acid (0-23 g.) in ethanol (10 ml.) gave, after 24 hr. at yellow needles of the picrate, m. p 
188° (Found: C, 45-2; H, 52. C,gH,,O,,N, requires | %) In the way described 
below the betaine (V) gave the chloride (II! n. p. 2 in , 1&1, Cy gH,,O,NCI 
requires Cl”, 15-05% 

The betaine (LV), m. p. >300° (Found: C, 60-4 87; N, 70. CygH,,O,N requires C, 
60-3; H, 85; N, 7-0%) (after drying as above), from the salt (Illa) crystallised from ethanol 
ether rhis betaine (0-20 g.) with picric acid (0-3 g nd ethanol (10 ml.) gave crystals (0-15 g.) 
ifter 1 day at 0°, and ether precipitated a second crop (0-1804 g Che pure picrate, m, p, 168° 
Found: C, 45-3; H, 5-0; N, 12-9, 13-3. C,.H,,O,,N, requires C, 44-9; H, 47; N, 131%), 
crystallised from ethanol. The betaine (IV) (0-140 ; 1 dry ethanol (20 ml.) gave with 5n 
hydrogen chloride in ethanol (1-2 ml.) crystals of Na-carborymethyl-34-hydroxytropanium chlorid 
(IIIb), m. p. 220° (decomp.) (Found: Cl~, 14-9% 

Hydrande of Nb-Carboxymethyl-38-hydroxytropanium Llodid Ihe iodide (Ila) (1:775 g.), 
hydrazine hydrate (2 ml.), and ethanol (65 ml.) were refluxed for 2 hr set aside overnight, the 
solution deposited needles (1-10 g.) which from ethanol gave the lrazide, m. p. 200-—211 
(Found C, soe: FB: Oat Beet: 37,4 f ! N,! requires C, 35-15; H, 5-95; N 
12-3; 1-, 37:1% 

In the same way the epimer (IIIa) (0-43 g.), hyd ne hydrate (0-5 ml.), and ethanol (15 ml 
gave the N-epimeric hydrazide as plates, m. p, 191 nd: C, 35-1; H, 61; N, 12-2; I-, 35-95 
36-2°% rhe mixed m. p. was 180—182 

Lactone of Na-Carboxymethyl-36-hydroxytropanium i 1) The solution of the acid 
methiodide (IIIb) (1-05 g.) in fuming hydriodic aci vas evaporated to dryness under 
reduced pressure rhe residue was crystallised repeatedly from ethanol-ether, the iodide-ion 

content of each fraction being checked. Unchan irting material occurred in the first 
three crops, while the lactone iodide (VI), m. p. 281 lecomp.) (Found: C, 301; H, 59: I 
41-85. OFt, 0. C,,H,,O,NCI requires C, 38-8; H, 5-2; | 41-1%), was obtained from crop 
4) and (5 rhe infrared spectrum showed bands at 1750 and 1625 cm,."} 


b) Nb-Ethoxycarbonylmethyl-36-hydroxytropanium iodide (Ila) (12-6 g.) in a glass tube 


as placed directly into an oil-bath at 230 Melting was complete in 7 min. and the melt 
resolidified (the loss in weight was 1-89 g.) It was extracted with water (130 ml.), leaving some 
lid undissolved (0-39 g The solution was shaken for 2 hr. with charcoal, filtered, and then 
entrated im vacuo, giving a total of 9-07 fcr | The portion (4-80 g.) of these left 


ng acetone (74 mil.) consi troy | methiodide, obtained 
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refluxed in dry acetone (40 ml.) for 4 hr. Trituration of the residue with ether gave the salt 
(6 65g.,m.p. 121--134°). Recrystallisation from acetone gave the toluene-p-sulphonate (3-95 g.), 
149-—-150 ound: C, 58-95; H, 7-8; N, 44. C,,H,,O,NS requires C, 58-7; H, 7-7; 


m 


' 
: 
N, 4:3 


l Methiodide (Vila or t Phe abov i 3-27 g.) in dry ethanol 
(30 ml.) was treated with lium ethoxide (5:35 ml.) Sodium 

vas removed and the filtrate w t with methyl iodide (7-1 g.) for 20 h1 

The crystals (1-7129 ¢ ind ‘ ( rop (0-7331 g.) had m p S300 
, vl; N, 45; I-, 42-85. Calc. 1 gfl.gONI: C, 40-4; H, 6-8; N, 4-7; 
3 gave m. p. 316°. The { 252 153° (Found: C, 48-2; H, 
oo ,N, requires C, 48-2; H, 5-6; formed needles from ethanol 
lide (VIIb or a) Simultane i, and un : 84 * conditions as 
ropan-3a-ol (1-41 g.) and et! s \\ » allowed to react in 

benzene (30 ml Cubic ery " ind a secon ré 3g.), mM. } 
H,6-9; N, 4-7; I 42-6 e! tainer bindl i m. p. 316°, 
234° (Found: C, 48-4; H, 5-4; N FAY ae mixed 

1 with the N-epimer described above 


a ponsored by the Hungarian A¢ 
ch and Dr. Gy. Grassely for the c1 , raphic i ; ! Fodor 


Lang, and R. Minadrovics for microan nd f the Del 
ram hey are indebted to Mr. J. Fi 
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288. Mesomorphism and Chemical stitution. Part VII.* The 
KL ffect of Halogen Substitution on the Mi somorphism of the trans p-n 


Alkoxycinnamic Acids. 


W. GRAY, BRYNMO! } an MARSON. 


fhe preparation and mesomorphic aract cs of certain lrans-4-n 
|koxy-3-halogenocinnamic acids are dé bed breadth and polari 
ition of the trans-p-n-alkoxycinnamic acir are increased by halogen 
ubstitution, and the effect of these changes j } n by : altered thermal 
tabilities of the mesophases. The presence o lorine or bromine does not 
entirely eliminate the mesomorphic properti although in the broader 
bromo-derivatives the long-chain dodecyl, hexadecyl, and octadecyl ethers 
alone exhibit mesophases, and these onotropi On the other hand 
tvans-4-n-alkoxy-3-iodocinnam i on-mesomorphic Such 

ur accords with that of the tray 3-halogenobenzoi d 


mesomorphic behaviour which accompany substitution in the 3-position 
p-n-alkoxybenzoic acids and in the 5-position of the 6--alkoxy-2-naphthox 
ve already been examined.'* In order to make further comparisons po ible, 
has been made of the effect of halogen substitution on the mesomorphism of the 
p-n-alkoxycinnamic acids. The m. p.s and mesomorphic transition temperatures 
mectic or ~nematic, smectic-nematic, and smecti« or nematic—isotropic) of the 
, 3-bromo-, and 3-iodo-derivatives are contained respectively in Tables 1, 2, and 3 
chloro-series thirteen n-ethers (methy! |, dodecyl, hexadecyl, and octadecy]) 
prepared and examined, but since in the bromo-series mesomorphism does not occur 
odecyl! ether, and in the iodo-series no anisotropic phases are found, only a few 
were prepared 
Ibbotson, and Lrynm 


/., 1964, 2556 
1955, 256 


1954, 1467 
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In the chloro-series, the hexy] ether is the first to exhibit mesomorphism and both the 
mectic and the nematic phase are monotropic. The lower m. p.s of the heptyl and octyl 
ether make possible enantiotropic nematic phases, but the smectic phases remain mono- 


ypic [he increasing stability of the smectic phase in the nonyl, decyl, and dodecy! 


tre 
TABLE |. trans-4-n-Alkoxy-3-chlorocinnamic acids. 
Temp. of transition to remp. of transition to 
vectic nemati isotropic Alkyl mectic nematic isotropK 
251 Octyl 27 130°5 140 
206 Nonyl 25:5 131 138 
183-5 Decyl . yy 133 137 
170 Dodecyl } 133-5 134 
159-5 Hexadecy] { 129 
140°5 (144 14% Octadecy! 126°5 
120) 136-5 140-5 


PABLE 2. trans-4-n-Alkoxy-3-bromocinnamic acids 


Temp. of Temp. of transition to 
transition to 7 “ 
isotropi nemati« isotropi 
250°5 Nonyl 139-5 
214-5 Decy] 136-5 
160-5 Dodecyl] 7 128 129 
149 Hexadecy! (122 126 
142 Octadecy!| y 125 


ABLE 3. trans-4-n-Alkoxy-3-t0docinnamic acid 
M. p Alkyl! Alky! 


239-5 Octyl Dodecyl 
193 Nonyl { Hexadecy] 
1s] Decy! Octadecyl 
169 
illows enantiotropic phases of both types Ihe hexadecy! and the octadecy] ethe: 
only smectic behaviour. When the m. p.s and mesomorphic transition 
ratures for this series are plotted against the number of carbon atoms in the m-alky! 
chain (see Figure), the points show the customary regularities found for homologous series 
omorphic alkoxyarenecarboxylic acids. Thus, the smectic-nematic transition 
for the heptyl—dodecy] ethers lie on a rising curve which reaches a maximum befor 
ig the falling curve through the nematic- and smectic-isotropic points for the ether 
ining even-carbon chains (hexyl—octadecyl). Only two ethers containing odd-carbon 
heptyl and nonyl) give nematic-isotropic transition points, but these, as usual, lis 
below the upper transition-point curve for even members of the series. These two 
constitute what is probably the end of a similar smooth curve, which, if the isotropic 
of the lower ethers could supercool sufficiently, would pass through the “* monotropi 
otropic points ” for the methyl, propyl, and pentyl ethers. The m. p. curve in 
is surprisingly regular and falls, steeply at first, to a minimum at the dodecy] 
fore rising to the m. p.s of the hexadecyl and the octadecyl ether This curve, 
almost smooth, cuts the upper transition point curve between hexyl and heptyl, 
mectic-nematic curve between octyl and nonyl, and so renders several of the 
onotropic. These are the figures in parentheses in Table 1. When the isotropx 
i¢ hexyl ether is cooled, the nematic phase first appears and the transition point 
readily determined. Unless this phase is rapidly chilled, the smectic phase is not visible 
ind crystallisation occurs at 140-5 Consequently, the nematic~smectic transition point 
lies below this temperature, but it could not be determined If, however, the smecti 
nematic transition point curve (Figure) is extrapolated, the transition point for the 
hexyl ether } een to be about 110 
In the bromo-series, the dodecyl, hexadecyl, and octadecy! ethers alone exhibit meso 


, lhe isotropic melt of the dodecyl ether does not supercool greatly, and only the 


t ematic point could be determined The hexadecyl and the octadecyl ethe 
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how smectic phases, and in both cases these are monotropi Che upper transition points 
these three ethers lie on a section of a curve, the whole of which would undoubtedly 
titute a normal mesomorphic-isotropic transition-point curve if the lower members 

of the series were mesomorphic. 
Mesomorphic-isotropic transition temperatures are available for the dodecyl, hexadecyl, 
and octadecyl ethers of the p-alkoxycinnamic acids,* and their 3-chloro- and 3-bromo 


lerivatives The mean of the three values may be taken in each case as an indication of 


| 


240°" 


ative mesomorphic stability for this particular part of the serie [hese are 


lin Table 4, which also includes the changes in average transition temperature 
from the unsubstituted acid to the substituted acid 


FABLE 4 


bstituent in the p-alkoxycinnamic acid H { 
mesomorphic—isotropic transition temperature (( 1. 160-5 120-5 
in transition temperature from unsubstituted acid S07 


Che introduction of the chlorine atom therefore decreases the mesomorphic transition 
temperature by 30-7 This decrease in thermal! stability must be the result of the two 
ig effects of the chlorine substituent—first, the C—C1 dipole will increase the moleculas 
olarisation and the mesomorphic thermal stability, and secon/lly, the increase in molecular 
idth due to the chlorine atom will increase the molecular separation, weaken the inter 
ular forces maintaining the molecular orientation in the mesophase, and decrease the 
thermal stability Ihe effect of bromine is only slightly greater than that of chlorine, and 
the decrease in average transition temperature from the unsubstituted acid is 36-7°-—a 
result which accords with the fact that the C—Br dipole (1-71 yu) is not substantially different 
from the C-Cl dipole, and that the increase in breadth from chloro- to bromo-substituted 
cinnamic acid is only 0-27 A. That is, the 6° thermal! stability decrease from chloro- to 
bromo-series is the net result of these small changes in breadth and permanent polarisation 
together with the different polarisability of the two molecule type 

lodine as a substituent increases the molecular breadth more (1-83 A), and the increase 

nt polarisation of the molecule (1-48 ) is less than with chlorine and bromine 

ult, the 4-alkoxy-3-iodocinnamic acids show no mesomorphism 

The same general decrease in the mesomorphic thermal stability of the p-alkoxy 
benzoic acids has already been observed ! when the molecular breadth is increased to such 
an extent that increased polarisation and polarisability fail to counteract the decrease 
in intermolecular cohesion. In this case the 4-alkoxy-3-fluoro- and 4-alkoxy-3-chloro 


benzoic acids alone are mesomorphi Considering once more the dodecyl—octadecy] 
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thers, the average mesomorphic~isotropic transition temperatures, together with the 
corresponding decreases from unsubstituted to substituted acid, are given in Table 5. 


TABLE 5. 
i the 4-alkoxy benzoic acid 
MoTphic-1 otropi transition temperature {¢ 12 en 
transition temperature from unsubstituted acid 


gain an increase in substituent size decreases the mesomorphic stability, the 
atom ] dipole, 1°57 us breadth increase 0°43 A) by 25-3°, and the chlorine atom 
dipole, 1-734; breadth increase 1-18 A) by 49-5’. 
ng the average transition temperature of the 


a greater effect in decreasin 
ids than of the cinnamic acids, although it should alter the permanent polarisation 
polarisability of the two types to a similar deg: However, it must bi 

remembered that, although the benzenoid and 
the ethylenic part of a trans-p-n-alkoxy 
cinnamic acid ; no broader than for a p 
alkoxybenzoic acid, the carboxyl group pro 
trudes beyond the benzene and the ethylens 
ydrogen atom 1] ince of about 0-4 A 
Ihe molecule appeas 10st symmetrical 
the alkoxy-group, lying in the plane of 
lopts a trans-configuration relative to the ethylenic linkay Moreover 
the chlorine atom in the 3 position must be ins to the alkoxy-grou 


equence the chlorine atom will probably he on the of the mol ( ule on whi 


yl group protrude in arrangement represented i 


! 
lorine atom may therefore increase the breadth of the cinnamic acid molecul 


extent (about 0-8 A) than it will the benzoic acid molecule (1-18 A), and 

its effect in reducing the mesomorphic thermal stability should be greater 

A similar result has been observed in the 6-alkoxy-5-chloro-2-naphthoi 

ich are no broader than the unhalogenated acids.* In this case the chloro 

have the higher mesomorphic transition temperature However, the 6-alkoxy 

’-naphthoic acids, like the 4-alkoxy-3-bromo- and 4-alkoxy-3-chloro-cinnami 

broader (0-22 A) than the 5-chloro-acid In both cases the bromine reduces the 

thermal stability compared with that of the chloro-derivatives, and it is interesting that 

the decreases (considering the C,,—C,, ethers in all cases) are very similar in each instance, 
to bromo-cinnamic acid, and 4-7° from chloro- to bromo-naphthoic acid 

transition temperatures are available for the 4-alkoxy-3-bromo 


6 from chloro 

No smectic-nematu 
cinnamic acids, and, in considering the relative stability changes of the smectic phase, only 
the unsubstituted and 3-chloro-4-alkoxy-benzoic and -cinnamic acids need be considered 
The average value for the nonyl, de yl, and dodecy] ethe: are contained in lable 6 


ABLE 6 
3-Substituent H 


ctic nematic transition temperature 
j 


ilkoxybenzoic acid 122 
150-5 


il xycinnamic acids 
Here again, chlorine decreases the me omorphi« thermal stability, but to a smaller 
extent in the cinnamic acids 

It in general true that, relatively to the unsubstituted acid, any one substituent 

decre the thermal stability of the smectic phase to a smaller extent than that of the 
nematic phase Chis arises through the increases in polarisability and permanent polar 
ation the acid dimer caused by, for example, the introduction of the chlorine atom 
In the smectic phase, the component of the C-Cl dipole which acts at mght angles to th 
long ; ; of the molecule reinforces that in neighbouring molecule Together with the 
decrea in lateral cohesions arising from the increased molecular separation, this eftect 

ll lead to a less marked reduction in thermal stability of the smectic phase than of the 

j 


e, in which this dipole reinforcement doc 
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order of decreasing mesomorphic thermal stability for unsubstituted alkoxyarene 
carboxylic acids has already been given® as naphthoic > cinnamic > benzoic, and it is 
now seen that this sequence is also applicable to the substituted acids. The above order 
was originally related to the decreasing number of double bonds in the molecules, but is 
more accurately described in terms of the decreasing molecular polarisability as the number 
of C-H, C-C, and C=C bonds decreases. The marked stability of the phases of the 4’- 
alkoxydiphenyl-4-carboxylic acids, in which there are 12 carbon atoms and related bonds 
in the central nucleus, is a further illustration of this effect.‘ 

The mesomorphic behaviour of these substituted cinnamic acids indicates that thei: 
configuration is trans. The cts-isomers would be considerably broader, and the molecular 


attractions would be much reduced. 


IE XPERIMENTAI 
M. p.s are corrected 


) f lransition Lemperature Che mesomorphic and polymorphic transition 
res were determined in an electrically heated microscope block.’ The enantiotropic 
ic changes were measured in the usual way, and all values, except those involving 

omorphic transitions, were checked by both heating and cooling the specimen Like 
alkoxycinnamic acids,* the 3-halogeno-derivatives tend to decompose on prolonged 
reshly mounted slides were used for each transition-point determination and 
ure to high temperatures was minimised as far re le [he procedure for deter 
ination of monotropic transition temperatures involving ; hi was as described for the 
genobenzoic acids,' In these substituted cinnamic acids, the changes observed 
were from the solid to the fine m« f smectic focal-conic groups, from the 
to the mobile, threaded nematic phase (somewhat obscured by 
3-chloro-acids), and from the lid or the mesophase to the extinct 
In those members of both mesomo c series which are purely smectic, 
inets are seen only when the isotropic liquid is coo \ slowly, and they 
to give the fine mosaic of focal-coni 
1 occurs to a marked degree in the non rf hic 4-alkoxy-3-iodocinnam« 
hd lid transition temperatures for tf ri re contained in the annexed 


i 


Transition 
temperature of 
solid l solid II 
7+ Dodecyl 
Hexader 
Octades 8" 123 


Preparation of Material The p-n-alkoxybenzaldehyd prepared by homologous 
alkylation (methyl—decyl, dodecyl, hexadecyl, and octad )}o hydroxybenzaldehyde as 
described by Gray and Brynmor Jones.* 

4-n-Alkoxy-3-chlovobenzaldehydes The Pp n-alkoxybenzaldehyde (0-1 mole) was dissolved in 

acid (50 ml.), and to the solution was added dichloramine-r (12 g., 0-05 mole) in 

id (25 ml After the addition of concentrated hydrochlo cid (0-1 mil.), the 

fluxed for 6 hr., cooled, diluted, and extracted with The extract was 

\ iter, dilute aqueous sodium hydroxide, and again with water, and dried and the 

ether wi noved rhe residual, crude 4-n-alhkoxy-: nzaldehydes were distilled under 

reduced pressure and obtained as low-melting waxy solid proé ) were very difficult 

to cry , and only one crystallisation from 90° ethanol v uy yut rhe solids give 

rather ill-defined m. p.s over a range of 2—4”, but 5 itisfactory results in the subsequent 
venagel condensation, The m. p.s and analyses are tabulated 

trans-4-n-Alkoxy-3-chlorvocinnamic acids The | y-3-chlorobenzaldehyde (0-01 mole), 

id (1-6 g., 0-02 mole), pyridine (7 ml.), and piperidine (2 drops) were heated at 100 

[he amount of pyridine was doubled i ase of the hexadecyloxy- and 

octadecyloxy-aldehyde Che precipitate obtained g the mixture on ice (10 g.) and 

icentrated hydrochloric acid (10 ml.) was collects vash th dilute hydrochloric acid 

water. With the exception of the ethyl ether wh is crystallised from benzene, the 


Hartl ind Brynmor Jones, J., 1955, 1412 
Vatuve, 1953, 172, 1137 
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3-chlorobenzaldehyde 


acial acetic acid until t 
re about 70-—90' 
factory for transition-point ¢ 


leterm 


ination 
{lkoxy-3-chlorocinnamic a 


id 


lehyd Lhe p-alkoxybenz 
i trace of iodine, wa refluxe 
ore hydrogen bromide 


ad ¢ 


tion was 
dium hy 

, 

r etnel!l 


tried between 


50 
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oxide 
ulphut 
for 12 
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odium thio 


com pt una 


ogou 


sulphate 


ield 90 


Mesomorphism and Chemical Co 


Che acids were then crystallised from 
insition temperatures were constant 


3-brom 


46-7 
45-0 
5-4 
56-4 
58-7 
59-7 
615 
64-3 
65-4 


3 loben ral li hyde S The Pp alk 
were dissolved in ethanol (200 m! 


the volume of solvent wa 


0-07 mole) was added, and the mixture 
94%, w 

room temperature, whereupon the mixtur 

500 ml.) to precipitate the crude 4-ai 


in 


d (5 ml 


250 


trated 


was added, and the 
nearly 


c} 


vas extracted with chloroform and reco 


quantitative 


then i d from lght petrole im 


4-Alhoxy-3-t0d: 


= & 


~eoow 
> -3 & ~3 & OS 


40 
sO 


es 


3-iod 
chloro-derivatives 
decyl 


acid I 
The an 
and octadecyl ethers The 


Q5° 


nmnawnit 


and then from benzer 


t-Alkon 


Found 


6° 

7-6 
HO-1 7-9 
Distillers Ce 


vledge 


from the 
ack 


nami 


w) was added dropwise dur 
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Stifulton. 


and toluene 


are annexed 


OY 

1o-5 

17:1 

16-2 

mol ind sodine 


16 g., 
hexadecyloxy- and octa 
Finely powdered mercuri 
tirred hile 


IFTithp 


concentrated 
15 min t vas continued 
is filtered Che filtrate was diluted 
lobenzaldehyd 


n thoroughly 


saturated aqueous 
lhe 
oily butyl 


tirred 


10do 
except for 
[he impure 


m. p.s were 


ooo 


in the manner described 
14 ml, for the 


re crystallised from glacial 


increased to 


| vere obtained 


Kequired 


from Imperial Chemical 


bey 2nd, 1956 
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289. The Conductivity of Solutions in which the Solvent Molecule is 
Large. Part I. Solutions of Tetraethylammonium Picrate in 
ome Phthalate Eaters. 


and N 


conductances of tetraethylammonium picrate ix d | phthalate 
35°, and 45° have been measured over concentratio nges from 
10° to 2-516 x 10% mole/l. The shapes of the resulting conductance 
izgree with the theories of conductance in solvent fairly low 
constant, Variations in the value of the Walden product A,g7 from 
to solvent, and with temperature are reported rhese are accounted 


4 
! 


theory of solvent-—solvent and solvent—ion interaction 


in a large number of solvents the product 494 for tetraethy] 


icrate is a constant, independent of temperature, and with a value 0-563 
uggestion that the solute ions are unsolvated in such solvents, solvation 

in those solutions where the product 1s | than 0-563 Thus for exampl 
pyridine 0-635 (ref. 1) or 0-648 (ref. 2) and in aniline 0-635 (ref. 3) require 
In their work on tetrabutylammonium picrate in tritolyl phosphate, Fuoss 
obtained a higher value than ex pec ted thi they att mpte d to explai 1 on 


that, since the solvent molecules here are larger than in the usual solvent 


vurations of them should exist that would allow the solute ions to slip between 
lecules without having to overcome the full macroscopic viscosity. Thi 


result in a greater ionic mobility and hence in an abnormally larg: 
planation is clearly not valid for solutions in pyridine and anilin¢ Phe 
wded measurements in solvents having large molecules (triethanolamins 
phe nylethanolamine) are those by Bhattacharyya and Nakhate.® It wa 
ht to be of interest to investigate the conductance, in a series of closel\ 
of gradually increasing molecular size, of tetraethylammonium picrat 

n’s rule accurately in a number of solvents of normal] size The solvent 
purpose wert 1¢ first instance the dialkyl phthalates, measurement 


ied out at 25’, 35°, ane 


EK XPERIMENTAI 


e of most of the solutions was measured by means of a Leeds and Northruy 
al 


the Jones and Joseph type incorporating Wagner earthing rhe source 


I 
current was a tuned audiofrequency oscillator which was usually operated at 1000 


er se As detector a tuned audiofrequency amplifier v used in conjunction 
of 30,000 ohms impedance at 1000 cycle Leads were carefully screened 
obtained with the pure solvent 
yl and dinonyl phthalate were mea 


he remaine of the ancillary apparatus was the same 
ed for the more highly conducting solutions were based on the desig 


| made of Pyre» The electrodes were stou rcular, platinur 
and about 1-5 mm apart lor the less cond ing solutions tl 
t 


| of three concentric platinum cylinders, about 1 mr rt, and was similar 
he elf consisted of an annu glass cylinder whic] 


§ and 
trode nd to vhich were fused the b carrying the conta 
let tube is arrangement gave a cell with mal] il volume and 
1932, 160 
., 1949, J], 3288 
1933, 165, A, 11 
} mer en” c., 1939, 61, 204 
i a and Nakhate, /. Indian Chem. Soc., 1947, 24, 99 
Bollinger, |. Amer. Chem. Soc., 1931, 68, 411 
Kraus, tbid., 1933, 65, 3614 
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Solvent Molecule is “ Larg 
tat oil to a rapid attainment 

a thermostat 

in hot 


hen 


urface area presented to thx 
tand 


irge § 
immersc ] ] ida whit l 
ng them to 


juilibrium. The cells were 
tween measurements, cells 
id, then steaming then 
; were determined b 
LO~'n, 


irified as 


| 


usually 
vere | 
sodium 


reduce 


al properties of al 
} 

found er roy 

Viscosit y, 
entipoi 


] 


9x10"! 1-4929 
1-49292°16-7¢ 


4885 27°58 


43-14 


isomer 5: 5-trimeth yl st 3 
Brewer, /nd ig. Chem., 1937 iwe! 
illers, Catal rato Inst. I 
wirbely, Eareckson, Matsuda, | nd Tuemmiler, 
* Buttrey, ‘' Piast "* Clea 
, 1913, 103 


6, 6B, 477 


P mostly 


} 
Plasticizer 


Di-(2-ethylhexyl 


shaken with water; 


were toread 
hed \ h sodium carbo he 
nm ¢ t [he ethereal solution was twice 
| liquid distilled 3 times under 


CaCl,), and evaporated, a t 

were ! i itor (P,O,) The physical 
| 

enin Table | 


ire liquid tore 
ire gi 

as prepared by 
column. The resulting 


ic acid was further purified 
122-38° ® 
, 1 hetwe ul cous solution 
' ry the addition 
rom 


12? (lit 
preps 
! i 4 times fi 


momium picrate wa 


lised tetraethylammonium | 


i 


| to a suspension of silver oxide 


it SO”, and stored in 


]., 1943, 511 
|. Res. Nat. Bu f , 1941, BA 
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sure illustrates the variation in equivalent conductance, with 


n concentration, of 
immonium picrate in the six solvents at 25 The curves at the other temperatures 


lhe exact experimental data for all system ven in Table 2 


Phthalate 
lipentyl; 


the hape , of tlhe / Vi curve (where ) is the « juivalent conductance und 
ncentration in moles/l.) can be completely explained on the basis of the formation 
in the dilute regions, and of triple ions in the more concentrated solution 
ve decrease in slope of the linear (log 2-log c) plots to a limiting value of —4 
rease in dielectric constant expected on this basis was obtained in all the system 
[hus the slopes decrease from about —0-28 for solutions in dimethyl phthalat: 
constant 8-6, to —0-46 for solutions in dinony! phthalate of dielectric constant 
25 imilar results are obtained at the other temperatures 
for the limiting equivalent conductance and for the dissociation constant for 
mation in each system, was obtained by Shedlovsky graphi al « xtrapolation 
‘t and the results are shown in Table 3 together with the corresponding values of 
the Walden product. 


Points requiring explanation are: (1) Agn decreases with increasing size of the solvent 


molecule, being greater than the “ normal” value in dimethyl—dipentyl phthalate, and 
less in the other two solvent rhe direction of this change is the reverse of that expected 
of Fuoss and Elliott's * explanation. (2) Ay increases with increase in tem 
vhen the solvent molecule is large Ihe critical size of the solvent molecule at 
effect occurs may de pe nd also on the size of the solute ions and, for the 
re, it is only present in the three largest solvents, as seen from Table 3. (3) 
ibrium constant for ion-pair formation decreases less rapidly from dimethyl to 
hthalate than expected from the dielectric constants of these solvents. Thes¢ 
can be accounted for in a general way by ion-solvent interaction. In a dipolar 
i solute ion will be surrounded by, and associated with, a number of solvent 
All types of solvation from chemical binding to the formation of a labile 
due to Coulomb forces between the charge on the ion and the dipoles of the solvent 
nerally possible. In the present systems solvation would be restricted to the loos 
{a number of solvent molecules with each io with the conse quent hinder 
¢ through solutior [he extent of such solvation would dep nd on the dipo 


1} 
Li 
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Equivalent conductance (2) of tetraethylammonium picrate in alkyl phthalates 
Bu, CH 44) C,Hy9)s (CoH 5) 
phthalate pht te phthalate phthalate 


LOA bor 
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the solvent, the size of the ion, the distance of closest approach of the ion to 


t dipole, and the dielectric constant of the solvent 
Walden ascribed the observed constancy of >, in solvents of dielect: 


10—-35 to non-solvation, untform solvation would lear the same 
olvated, O 


' 
pwougn 
oe 


itions just noted suggest that large ions such as Et,! 


PABLI 


lon-pair 


25 3! £ Phthalat« 


5 86 
5b BO 5-8! 3% 
584 i 7°49 


il ’’ value of 494 here may be due to a mutual compensation of changes in the above 


factors within certain limits. It might then be expected that the Walden product would 


M ibject to pecih olvent effect 
Dimethyl phthalate has a large dipole moment! (2-3; 2-8 p), and its dielectric constant 
therefore be assumed that the pure ester | 

are as close together as possible and will be shielded from close approach by 
ion with, the solute ion The solute ions may accordingly be r yarded a 
and also in diethyl phthalate (dipole moment 2-4 


ncreas it will becom 


associated in such a way that 


/ 


insolvated in this solvent 
As the bulk of the alcohol residue in the ester 


difficult for two solvent molecules to approach each other closely, and thei 
ociation will decrease 


1 energy will therefore decrease. This type of solvent a 
ely from dibutyl to dinonyl phthalate. Ion solvation will then increase and Ay 


1 the same direction. Further, 99 will be smaller in these large molecule solvent 


in normal system 
rhe large size of the ions and of the solvating molecu 
ll interaction energy between the two. A slight increas« 
the amount of solvation significantly. The Agy_ product 
hus increase with increase in temperature, as three largest solvent 
[he absence of this temperature effect in mallest solvents would be 
that the solute ions are practically unsolvated in 


to be tl lvent molecule of critical size 


les ystems will re 
in temperature w 


ufficient to decrease 


nt with the suggestion above, 
ent Dibutyl phthalate thus appears 
phenomena in the present systems. 

nparison of the present 49, values with those of similar systems further support 


n both pyridis ( 


planation offered here Phus An for tetraethylammonium picrate 


12-01) and aniline * (eos 7-2) is of the order of 0-650 Although both these solvent 
hielding 


t phthalates have strong localised dipoles, yet if solvent association occurs 


oles in the latter systems will be more complete, a » might therefore b 


to be correspondingly greate1 rhis is verified experimentally with dimethy] 
| phthalate as solvent. Conversely, a normal result yuld be expected, and 
ethylene dichlorids 1S (ees LO-1: dgn O-545) and ethvliden chloride 4 (Eo, 10-00 : 
where, even if solvent association occurs, the geometry of the molecule preclud: 
and Elliott ults 4 are explical 
_ 


of the dipole from an approaching ion. Fuos 
which is shielde 


ume basis, tritolyl phosphate having a strong 
oclation occurs. 

kind of solvent association will only occur if the \ 

forces between the dipoles will be las Thus a normal A9y 

» 15 (()-586) and in aceto 


fairly low diel 


when the 
expected, and is found, in such solvents as nitrobenzene 


/* (59) 


lables of Electric ip Moments, 

and busch, Z pr he? 1929, 140 

and Martell, /. Amer. ¢ Soc., 1951, 73, 3296 
Kraus, thid., 1947 
1 liirr, Z. pa Che Pi 32 
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Finally the theory of ion-pair formation leads to the familiar equation for the equili- 


brium constant 

1 4nN “e\Z,Z,| |* Ql 

K 1000] Dki e) 

' Z,Z,\¢* 6 
where b =! ~ and a is the radius of the ion pair and the other symbols have their 
aDkl . 

usual significance. By using these two equations, a graph of log } against log Q(), and 
the values of KX given in Table 3, the a values in the various solvents may be computed. 
rhe results are shown in Table 4, and demonstrate the gradual increase in size of the ion 
pair in the series of solvents from dimethyl to dinony! phthalate. 

The suggestions offered here are clearly an over-simplification, but nevertheless they 
afford a qualitative explanation for differences in behaviour of a number of systems, 
including those in which the solvent molecule is large. It is hoped that further work on 
large solvent molecule systems now in progress will clarify other points. 
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290. New Intermediates and Dyes. Part IV.* Condensation of 
Thionaphthen-2 : 3-dicarboxylic Anhydride with Hydrocarbons and 
Phenols. 


By ARNOLD T. PETERS and DEREK WALKER. 


Chionaphthen-2 ; 3-dicarboxylic acid anhydride (I) and its 6-chloro-4 
methyl derivative were condensed with acenaphthene to give 3-(3-ace 
naphtheny k arbony]l)thionaphthen 2-carboxyli cids, which could not be 
cyclised. The anhydride (1) reacted with phenol to yield a phenolphthalein 
analogue, or with quinol to give 6: Ll-dihydro-7 ; 10-dihydroxy-6; 11 dioxo 
benzo[b|thiophanthrene (III). Resorcinol and the anhydride (I) afforded a 
fluorescein analogue and also 3-(2: 4-dihydroxybenzoy!)thionaphthen-2 
carboxylic acid; the chemistry of thi cid was examined and several 
lactones were derived from it. 

Dyes for cellulose acetate and Nylon were prepared from the dione (III), 
ind their properties compared with those of their anthraquinone analogues ; 
loss of tinctorial power occurs on introduction of the thionaphthen ring 


rue object of the present work was to investigate the nature of intermediates and dyes 
derived from the anhydride (I). 

Mayer ! showed that the anhydride reacted in a similar manner to phthalic anhydride, 
condensation with simple aromatic hydrocarbons in the Friedel-Crafts reaction giving 
olely 3-aroylthionaphthen-2-carboxylic acids, cyclisation yielding the corresponding 
6: L1-dihydro-6 : 11-dioxobenzoj4|thiophanthren 

Both thionaphthen-2 : 3-dicarboxylic acid anhydri 
ative were condensed with acenaphthene to give 3-(3-acenaphthenylcarbonyl)thio 
naphthen-2-carboxylic acid (II) and its 6-chloro-4-methyl derivative, respectively 
Neither carboxylic acid could be cyclised, although a variety of methods was used 

We prepared 6 : 11-dihydro-7 : 10-dihydroxy-6 : 11-dioxobenzo{b)thiophanthrene f¢ (111) 


by the method of Mayer and Zahn,” #.e., by heating the anhydride (I) with quinol in an 


le and its 6-chloro-4-methyl deriv 


* Part Il, /., 1952, 1368 
t Cf. King 


index ‘ on 
chneider), Annalen, 1931, 488, 259 


Ma with Mombour, Lassmann, Werner, Landmann, and 
U.S.P. 1,766,687 /1980 


Mayer and Zahn, G.P. 512,237/1927; BP. 296,761/1927 
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um chloride-sodium chloride melt, and found it to be purified best through the 
sy condensing the anhydride (1) with p-chlorophenol, we obtained 
, also 


diacetate 
of 7(or 10)-chloro-10(or 7)-hydroxy-6 : 11-dioxobenzo[)}thiophanthrens 


led 
1ele 
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I through the acetoxy compound. 
2 CO.me wf 
Ar 
J | Va 
S CO 


(0) 
(Iv): R = NHMe 


or NHBu" 


Was only spar 4 
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Dihydro-7 ; 10-dihydroxy-6 : 11-dioxobenzo| b|thiophanthrene 
ujueous alkalis (contrast Mayer and Zahn *); its solution in pyridine assumed 
al blue colour when treated with a varicty of aliphatic amines. The dione wa 
10-bismethylamino- and 7 : 10-bis-n-butylamino-compound 
iting it with sodium dithionite {hydro ulphite and an alcoholic solution of the 
tube at 140—145”° and J 140°, re pectively the 


reducing part of the juinone derivative to th 


onverted into the 7 


ArT Ih at 
i ist the cony 


ling leuco-compound 
hitherto unknown 1 : 4-di-7-butylaminoanthraquinone was also prepared b 
ethod from quinizarin, for comparison The new d [V) were best purified b 
e cellulose acetate and Nylon 
t-bismethylamino- and | : 4-bi 


} 


reenish blue : weaker thal 
n-butylamino-anthra 


manner caused loss in 


raphy Both dy 
blues produced by | 
[hus the introduction of the thiophen ring in the 


VC! 


AvDOVE 


anhydride (I) with resorcinol, Mayer! obtained a fluorescei: 
vhich was not purified. We have studied the interaction of the anhydride (I 
inol in the presence of zinc chloride at 150—210°, and two pure compound 
isolated from the resinous reaction mass; a summary of th: 
the products wer 


on p. 1434. At the lower temperatures, 
eparation of the products wa 


red fluorescein 


lensing the 


Ollie 


me yellow, were 
ven in the Table 
ited with much starting material, and the best 
reaction at 165-175"; at 210°, relatively high yields of the 
Chemical evidence and analysis of the yellow compound, 
derivative, suggested that it was a benzoyldihydroxythionaphthencarboxyli 
r+ had shown that the anhydride (1) condensed with aromatic compound 
ely 3-aroylthionaphthen-2-carboxylic acids, and as the condensation of phthalic 
with resorcinol was proved by Heller * to give 2-(2 : 4-dihydroxybenzoyl)benzoi 
4-dihydroxybenzoyl)thionaphthen-2 


e yellow compou! 
d (V), convertible into its dibromo-derivative In the view of Orndorff a 


j 


formed and also 


d was probably 3-(2 


benzoic acid interm< 


ihydroxybenzoy! 
n the derived fluores 


formula (V) is correct, ! 
VI) and (VII) respectively 


Rer., 1805, 28, 312 


orf and Kline, ]. Amer. Chen 
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Che ultraviolet absorption spectra of the red tluorescein analogue and of fluorescein 
itself are very similar, and quite different from that of 3-(2 : 4-dihydroxybenzoyl)thio 
naphthen-2-carboxylic acid 

Further investigation of the last-named acid and of its dibromo-derivative led to 
interesting results. Neither acid could be cyclised by standard procedures; both formed 
insoluble lead, silver, and mercuric salts, and the copper and barium salts were soluble in 
hot but insoluble in cold water. 3-(2 : 4-Dihydroxybenzoyl)thionaphthen-2-carboxylic 
acid behaved as a monobasic acid towards methyl-red (titrated in aqueous alcohol with 
0-1N-alkali) but as a dibasic acid towards phenolphthalein: we found 2 : 4-dihydroxybenzoyl 
o-benzoic acid to behave similarly. 

When 3-(2 : 4-dihydroxybenzoyl)thionaphthen-2-carboxylic acid 
acetic anhydride alone, or with acetyl chloride in an inert solvent, a yellow compound, 
C1 gH,90 55, insoluble in sodium hydrogen carbonate solution and in cold aqueous sodium 

iydroxide, was obtained. This acetylation product dissolved rapidly in warm aqueous 
odium hydroxide, and acidification then gave the above carboxylic acid rhe yellow 
compound crystallised unchanged from benzene: in addition to acetylation, anhydride 
formation had occurred, to yield probably one of the two compounds (VIII) and (IX) 
Orndorft and Kline * claimed that, when 2-(2: 4 


was refluxed with 


soth such types have been recorded : 
dihydroxybenzoyl)benzoic acid was refluxed in acetic anhydride alone, the lactone (X) 
was formed, whereas the lactide resulted when the pure acid was refluxed in acetyl chloride 

Baker and his co-workers ® have shown that both 2-carboxy-2’-hydroxybenzophenone 


1 its 5’-methyl derivative yielded simple lactones with acetic anhydride, but gave 


ana 
lactides with phosphoric oxide, phosphorus oxychloride, or trifluoroacetic anhydride; the 
rhe use of acetic anhydride 


Leaf 
lactones were much more readily hydrolysed than the lactic 


in the present work probably gave the lactone (VIII), which shows properties similar to 


(im) 


4,5 The lactone (VIII) is very readily hydrolysed, even by boiling 


those of other lactones. 
ded the methyl ester (XI), thus 


water; when crystallised from methyl alcohol it affor 
resembling the lactone (X) 
When 3-(2 : 4-dihydroxybenzoyl)thionaphthen-2-carboxylic acid was refluxed with 


icety! chloride in an inert solvent, the lactone (VIII) and a product sparingly soluble in 


Bry Rae 4 >, * Pa > 
ofp. Cot. Ot 
(x) (XI): R= Ac (xD) 

(xii); R= H 


benzene resulted; the latter was not isolated when a large excess of acetyl chloride wa 
used and is probably an intermediate in the formation of the lactone (VIII), into which it 
erted by acetyl chloride. The new product is insoluble in aqueous sodium 

arbonate but soluble in aqueous SO xide, and is the lactone (X11) of 


¥ 


Ollis, and Zealley, /., 1962, 1452 


Peters and Walker 
2-carboxylic acid; it was prepared in 93% yield 


- 


3-(2 ; 4-dihydroxybenzoy]l)thionaphthen 
vy refluxing the acid with thionyl chloride in an inert solvent and is readily hydrolysed by 
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Crystallisation of the lactone (XII) from methyl alcohol gave the methyl ester (XIII), 
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nzoyl chloride in an inert solvent converted 3-(2 : 4-dihydroxybenzoyl)thionaphthen 
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Altempted Cychisation of 3-(3-Acenaphthenylcarbonyl)thionaphthen-2 carboxylic Acid and its 
6-Chloro-4-methyl Derivative rhe following reagents were tried on both carboxylic acids : 
sulphuric acid and 20% oleum at room temperature, phosphoric oxide at 120°, aluminium 
chloride on the acid chloride in carbon disulphide at room temperature or in nitrobenzene at 
120—130°, and molten aluminium chloride-sodium chloride at 150-180 Further methods 
tried with the acid (Il) included benzoyl chloride in chloronaphthalene at 200° (Beyer and 
Richter *), boiling benzoy! chloride for 1 hr., and boiling acetic anhydride for 10-24 hr. In no 
case was a cyclised product isolated; water-soluble products resulted from the sulphuric acid 
experiments and the only other products isolated were unchanged material or intractable 
resins. 

Condensation of the Anhydride (1) with Phenol ; Phenolphthalein Analogud Chionaphthen 
2: 3-dicarboxylic anhydride (2 g., 1 mol.), phenol (3-7 g., 4 mols.), and anhydrous zinc chloride 
(5-4 g., 4 mols.) were heated together at 120° for 2 hr.; the temperature was raised to 160° 
during | hr, and kept thereat for a further 3 hr. The dark red product was extracted with 
ethanol, and the solution treated with cold water; a black tar was deposited; the liquor was 
decanted, water added to it, and phenol distilled off with steam, A yellow solid, m. p. 220 
225°, was deposited from the residual solution during several days (the filtrate from it was 
shown to contain some thionaphthen-2: 3-dicarboxylic acid). The solid was purified by 
boiling its ethanol solution with charcoal and adding it to water, collecting the solid, and then 


boiling this in 10%, aqueous sodium hydroxide solution, filtering the mixture, and acidifying the 
alkaline filtrate with hydrochloric acid. Both processes were repeated; the final yellow 
amorphous solid had m. p, 228—231° (Found: 5S, 86. C©,H,.O,5 requires 5, 82%). The 
phenolphthalein analogue dissolves in aqueous sodium hydroxide to a deep and permanent 
I 


yluish-red solution. 

Reaction of Anhydride (1) with Quinol; 6: 11-Dihydro-7 : 10-dihydroxy-6 : 11-dioxobenzo[b}) 
thiophanthrene (111).—To a stirred melt of aluminium chloride (50 g,) and sodium chloride (10 g.) 
at 160° was added a powdered mixture of thionaphthen-2 : 3-dicarboxylic anhydride (10 g.) and 
quinol (10 g.); the temperature was raised to 190° and kept there for 6 hr After decomposition 
of the dark red mass with dilute hydrochloric acid and filtration, the solid was treated with 
boiling acetic anhydride (450 ml.) and a few drops of concentrated sulphuric acid, to give 7: 10 
diacetoxy-6 : 11-dihydvo-6 : 11-dioxobenzo[b\thiophanthrene, which crystallised from acetic acid 
in bright yellow needles, m. p. 241—-242° (Found: C, 63:4; H, 3-2; S, 84. Cy H,,O,5 requires 
C, 63-2; H, 3-2; S, 84%). The dihydroxy-diketone was obtained by warming the diacetate 
with concentrated sulphuric acid on the water-bath until the solution was bright blue and 
pouring it into water; the dione crystallised from pyridine in red laminaw, m,. p. 254-—256” 
8-1 g., 55-38%). The analytical specimen was prepared by sublimation in vacuo at 220°, in dark 
red needles, m. p. 257-—258° (Found: C, 66-0; H, 2-9; 10-6. Cale, for C,,H,O,5; C, 64-9 
H, 2-7; S, 10-68%). The same product was obtained in only low yield from the anhydride (1), 


quinol, and zine chloride at 185°, much unchanged anhydride being recovered [he brownish 


, 

yellow alkaline dithionite vat of the dione afforded, in air, a blue suspension, probably of the 

sodium salt of the dione. Reaction of the dione in pyridine with alcoholic potassium hydroxide 

gave a royal-blue precipitate, and deep royal-blue solutions resulted on interaction with primary 

aliphatic amines, but not aromatic amines, 

7(or 10)-Chloro-6 : 11-dihydro-10(or 7)-hydroxy-6 : 11-dioxobenzolb\thiophanthrene Re plac e 

ment of quinol by p-chlorophenol (10 g.) in the above experiment gave yellow needles (from 
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lactone (XIV) was crystallised from acetic acid containing a little water, to give colourless, 
hexagonal plates, m. p. 200-210", of the acid (XV) (Found: C, 42-4; H, 2-2; Br, 31-0; S, 6-4 
Cy phl pQO,lr,5 requires C, 42-0; H, 2-0; Br, 31-1; 5S, 6-2%), soluble in aqueous sodium hydrogen 
carbonate with a yellow colour 
thyl %3-(4-Aceloxy-3 ; 5-dibromo-2-hydroxybenzoyl)thionaphthen-2-carboxylate (XV 1) rhe 
dibrominated acetyl lactone (XIV) (1 g.) was refluxed with methanol (60 ml.) for 12 hr., to give 
plates, m. p. 194-—195°, of the methyl ester (XV1) (1-96 g.) (Found: C, 42-7; H, 2-3; Br 
6-4. CyyH,,O,Br,S requires C, 43-2; H, 2-3; Br, 30-3; 5S, 61%). 
5-Dibromo-2 ; 4-dihydroxybenzoyl)thionaphthen-2-carboxylic Lactone (XVI1).—The carb 
wid (1 g.) in chlorobenzene (100 ml.) was refluxed with thionyl! chloride (1-5 ml.) for 6 hr 
Hsufl-coloured needles were deposited; they crystallised from benzene containing a little light 
petroleum in yellow needles, m. p. 264--265° (0-72 g., 75%,), of the lactone (XVII) (Found 
} 7-1. C,,H,O,Br,S requires Br, 35-2; S, 7-1%) 
i¢ authors thank Imperial Chemical Industries Limited for gifts of chemicals; one of them 
hanks the Hull Education Authorities for a grant 
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291. Organosilicon Compounds. Part XVII.* The Acidic 
Solvolysis of Organosilicon Hydrides. 


J. E. Barnes and C,. EABORN 


\ kinetic study has been made of the decomposition of organasilicon 
hydrides by hydrogen chloride in aqueous ethanol or aqueous dioxan, It is 
concluded that the reaction involves nucleophilic attack by a solvent 
molecule on the silicon atom of the Si-H bond and electrophilic attack by an 
»xonium ion on the hydrogen atom 

There is a linear relation over the whole range of acid concentrations 
between the logarithm of the velocity constant for a given organosilane and 
the logarithm of the ratio of conjugate acid to free base for p-nitroaniline. 


lAkeTA, KuMADA, and Tarama * concluded that the rate of acidic ethanolysis of triethy! 
ilane is proportional to the square of the mean activity of hydrogen chloride, and thus to 
the product of the activities of chloride and oxonium ion. ‘The implication of this, either 
that both chloride ion and oxonium ion are involved in the rate-determining step, or that 
catalysis is by undissociated hydrogen chloride, seemed to us improbable, and our view is 
confirmed by the work described below 
Dependence of Rate on Acid Concentration.—To avoid difficulties with traces of water 
which are formed in solutions of strong acids in ethanol, we used aqueous 95% ethanol a 
olvent, and to facilitate measurements in dilute acid we used the reactive di-n-propyl- and 
clohexyl-silane 
rhe acidic solvolysis of di-n-propylsilane takes place stepwise. The first Si-H bond 
broken some 18 times as quickly as the second, and first-order rate constants, 4, and 4,’, 
for the two steps may be obtained from a single run, but only 2, is of interest. (The rate 
constant 4,’ probably refers to the hydrogen evolution from s-tetra-n-propyldisiloxan.) 
lable | shows that below 0-5m-acid, &, is accurately proportional to the hydrogen 
chloride concentration, and thus to the concentration of oxonium ion, since dissociation is 
complete in this medium.* (In agreement with this, the rates are not significantly different 
when perchloric acid is used.) At higher concentrations &, increases more rapidly with 
acid concentration, the variation in the range 0-6—1-4m being expressed roughly by the 
equation 104k, 87/HCI]) -+ 68) HCI). 


I 


* Part XVI, /., 1956, 4023. 
ta, Kumada, and Tarama, Bull. Inst. Chem. Res., Kyoto Univ., 1953, 91, 260 
ind Verhoek, |, Amer. Chem. Soc. 1945, 67, 1830 
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lable | also shows that there is an exact linear relation between log &, and log /, where 
J is the indicator ratio (at 18°) for p-nitroaniline (1.¢., the ratio of the concentration of the 
conjugate acid of p-nitroaniline to that of the free base). This linearity covers the whole 
range of acid concentration, and not just the lower part in which both log 4, and log J are 
proportional to log [HCl]. 


TABLE | Solvolysts of di-n propylstlane im AQUEOUS ethanolic hydrogen chloride 


HCl) (m) 0-109 0-195 0-390 0-651 OvTT 
108%, (min) 1-31 2°45 1-04 8°57 
I 0-035(4) . 0-314 0-782 


10°, /{ HCl 12-0 2-5 2-7 13-2 
log k, ~~ 0-62 log J) 1-98 2 2-00 2-00 


rhe range of low acid concentration was investigated more accurately with cyclohexyl- 
ilane. The initial rate of hydrogen evolution was used as a measure of the rate of reaction 
and could be determined with accuracy because it remained constant during the evolution 
of 20%, of the hydrogen available. (The apparent zero-order nature of the hydrogen 
evolution must result from similar reactivites of all three available hydrogen atoms in the 
stepwise decomposition. The initial rate is, in fact, proportional to the initial con- 
centration of the organosilane.) Again (Table 2), the rate of reaction (expressed as a zero- 
order rate constant, ky, which is the rate of hydrogen evolution arbitrarily divided by the 
volume of hydrogen which would be obtained from complete reaction of one Si-H bond of 
the cyclohexylsilane), is proportional to the acid concentration below 0-6m. Above this the 
variation in rate has the same form as that for di-n-propylsilane, log &-|HC1} plots for the 
two hydrides being superimposable. It follows that log ky-log / plots for cyclohexylsilane 


are linear, as confirmed by the constancy of (log 4,-0-6 log /) in Table 2 


TABLE 2. Solvolysts of cyclohexylsilane in aqueous-ethanolic hydrogen chloride at 34-0 
[HCI) (m) . 00245 0-049 0-098 0-131 0-163 0-196 0-327 0-490 0-654 0-980 1-300 
10%, (min~.*) 0-125 0-257 0-513 UO 677 0-835 0-906 1-68 2-56 3°53 561 8-62 
10k, /{ HC! 0-51 0-562 O62 O52 O51 OSL O51 O52 O54 O57 0-66 
a 0-030 0-051 0-075 O-105 0-232 0-460 O-784 1-802 3-79 

log k, --0-6 log J) . 138 140 140 14) 139 139 139 140 1-42 


* Obtained by interpolation from experimental values in Table 1 


[t appears that the form of dependence of rate on acid concentration is not much 


influenced by the organosilicon hydride employed, and similar results would be expected 
for triethylsilane. It is thus interesting to re-examine Taketa, Kumada, and Tarama 

data! for its reaction in anhydrous ethanolic hydrogen chloride, and the variation in 
R,/({ HCI f) * (where f is the activity coefficient of hydrogen chloride) shows (Table 3) 


Reaction of triethylsilane with ethanolic hydrogen chloride at 50 (Kinetic 
data from Taketa, Kumada, and Tarama.' 
00425 0-085 
0-06 0-158 
2°30 2-28 
(1°42) 1-86 
0-88 1-81 
4-15 4:13 


the rate is not proportional to the activity of hydrogen chloride as they claim 
HCl]} plot is a straight line for the four lowest acid concentrations, but does not pas 
through the origin, and we suggest that the rate is in fact proportional to the acid con 
centration but that there is a small constant « xperimental error in ky (po ibly associated 
with the “ induction period ’’). This will be most serious for the weakest acid, and if the 
for this is neglected, ky HC}} is reasonably constant up to 0-525m-acid Further 


1438 Baines and kLaborn 
hole range of concentration for which values of / may be obtained by interp 
ation from raude’s data,’ values of (log ky —1-27 log J) are reasonably constant. 
iddition of Water and Salts.—Increase in the water content of the medium from 5 
to 10°%, causes a decrease in the rate of reaction, this decrease being relatively greater the 


oncentration of acid, as revealed in Table 4, which refers to the reaction of 
it 34-9 
LABLE 4 
rif 14 ee Oa 

10%, (min.~*) (in 95% EtOH 48s ae 14-4 

LU", no) (in 90 EtOH sh) lsu 12-7 
| bition by added water is common for acid-catalysed reactions in alcoholic solvents,4 
issociated with the replacement of ethoxonium ions by the less reactive hydroxonium 
on [he increase in the effect as the acid concentration is raised may reasonably bx 

1 


elated to the greater lowering of log J by added water at higher acid concentrations 
As shown in Table 5 (which refers to the reaction of di-n-propylsilane in 95°/, ethanol 
at $4°0°) additions of lithium chloride or tetraethylammonium bromide increase the rate of 
reaction (but the former rather I than would be expected if the equation 10‘, 
87, HC) 68(H*}|Cl~| applied). In view of the low dielectric constant of the medium, 
hich magnifies salt effects, there is no reason to doubt that the rate changes are purely 
medium effects, chloride or bromide ions not entering into the reaction Though both salts 
raise 1 reaction rate, the lithium salt raises the value of log J while the tetraethy!l 
umn im salt lowers it, probably because both salts raise the activity coefficient of the 


orga lane while the former raises, and the latter lower the activity coefficient of 
/ { re 
TABLE 5 

ODIs OOT7 O97] 0-077 Ole O- G10 0-710 O° 710 

LiCl LiCl LiCl kt,N Bi Et,N Br Et,N Bi 

lt 0-263 0-469 0-960 O° 129 0-285 0-479 
L0*k, 1°37 14h 1-56 1-90) 0-08 1-00 1-03 bl 
yr] 0-27 oevgy 0-43 0-04 0-06 O-O# 0-13 


nt Isotope Effect Ihe reaction of cyclohexylsilane is 2:25 times as fast in protium 
ide-dioxan as in deuterium oxide—dioxan, as shown in Table 6 which refers to 0-490M 


hydrogen chloride at 34-9 


1 


Protium oxulk Deuterium oxid 
0 0 10 20 ”) 20 ”) 
OOOO? O(O8U OOLSS Gols OOO5A(S O-OO58I9 
en i that proton transfe1 occurs in the rate-determining tep and not in a prio! 
fast re tep. The assumption involved, viz., that acids are more disso iated in 
t | le—d ] been experimentally tified 
| | le-dioxan than in deuterium oxide-dioxan, has been experim ally justilie 
t} use of the conjugate acid of p-nitroaniline (unpublished work by Mr. J. B. Hurd) 
Variation of Structure rhe rate constants at two temperatures for several triorgano 


lanes, R 


,SiH, at the same hydrogen chloride concentration (1-430m) in 95%, ethanol 
lable 7 along with approximate activation energies, & (the variations in 


Wil 
ire not significant). All the reactions were of first order in organosilane 
Phe effects of para-substitution show that electron release to silicon slightly hinders the 
iction rhe low reactivity of tritsopropylsilane compared with that of the normal 
mpound (relative reactiviti | : 10) is probably mainly a steric effect comparable with 
that in alkaline hydrolysis in which the reactivity ratio is 1:20 but in which electron 
release th propyl group contributes more to the inhibition 


1048, 1971 
tern, / 1948 1976 
I MeIntyre, [. Amer. Che 1954, 76, 3243 
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FABLE 7 

R, in R,SiH kt, Pre, bu, Bui, Pr', Ph, 
10k, (34-9 1-19 0-745 0-70 0-20 0-07 0-40 
10°R, (45°0 , 3-03 2:07 1-05 
E, kcal. /molk 18-1 10-8 10-9 
Relative rates (34-9°) * I 0-63 O-59 0-17 0-06 o-3 
R, in R,SiH p-C,H,Cl), b-C,H1,Cl)Me, PhMe, p-C,li,Me)Me, 
108k, (34-9°) 1-5 - fs 2-13 1-82 
10°k, (45°0°) 52 rO2 
lL, kcal./mole P Ish 1o7 
Kelative rate $40") * 1-3 2-2 1-8 15 

* At this acid concentration, the relative reactivit { Coll, Silly, Pre Si, (irst iH), and 


Et,SiH are 120: 22:1 


rhe variation in reactivity of the organosilicon hydrides examined is small compared 
with that in other reactions.® 7 

Mechanism of the Reaction.—The observed solvent isotope effect and the first-order 
dependence of rate on acid concentration in dilute acid mean that electrophilic attack by 
an oxonium ion on the hydrogen atom of an Si-H bond is involved in the rate-determining 
step. However, since the reaction is hindered by electron-release to the silicon atom, the 
latter must be more negatively charged in the transition state than in the ground state, and 
thus there must also be nucleophilic attack on silicon, normally by a solvent molecule. In 
agreement with this, reaction is very slow in anhydrous dioxan (although the proton 
availability, as measured by J, is quite high *); a much faster reaction occurs when water is 
added, and the rate increases with the water concentration even though the value of 
I falls.* 

Since in alkaline hydrolysis, in which electrophilic attack on the incipient hydride ion 
of the Si-H bond is by a water molecule, SiH HOH bonding is considerable in the 


transition state,* the analogous SiH --- HOH, bonding should be even stronger in acid 
catalysis when attack is by the positively charged oxonium ion. This explains the 
relatively small solvent isotope effect, since the loss of zero-point energy from the H~'OH, 
bond is partially compensated by the gain in zero-point energy in the H «++ H bond of the 
transition state 

A two-stage mechanism fits the facts, the first step being fast and reversible and the 
second rate-determining : 


SiH + H,O === H,O-SiH ; H,O-SiH + H-OH, —» H,OSi® + H, + H,O 
, 20-5 : : o +H, 


(There will be a subsequent fast proton loss from ®SiOH,.) In the rate-determining 
transition state the silicon atom is more negative than in the (original) ground state even 
if the Si-H bond is considerably stretched. The transition state could be reached without 
formation of an intermediate, in a synchronous process in which the new bond to silicon i 
lightly more formed than the Si-H is broken, but this would involve a termolecular collision 
Since the rapid increase in rate in more concentrated acids is paralleled by increase in 
the indicator ratio, J, it is reasonable to attribute it to a medium effect rather than to a 
change in mechanism, but the possibility of intervention by chloride ion or undissociated 
hydrogen chloride has not been experimentally excluded. Since dissociation is sub 
stantially complete in the solvent used, undissociated hydrogen chloride would need to be 
very reactive for its intervention to cause the rate increase 
Acidity Functions in Organic Solvents.—-Braude * first measured the indicator ratios for 
olutions of p-nitroaniline in anhydrous or aqueous ethanol, acetone, or dioxan, and derived 
acidity functions 1. by means of the relation H log / log Ky? which holds in aqueous 
olutions (Ky™° being the indicator constant in dilute aqueous solution). Gutbezahl and 
Grunwald * point out, however, that values of fay+/f, (which determine / for a given base, 
* Baines and Eaborn, /., 1955, 4023 
4) Deans and Eaborn, /., 1954, 3169; (b) Eaborn 


Kaplan and Wilzbach, /. Amer. Chem. Soc., 1965 


ezvahl and Grunwald, ibid 1953 75 550 


J, 1955, 2517 
. 77, 1297 
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H), where fy is the activity coefficient of the neutral base and fyy+ that of it 
conjugate acid, are not independent of the base in solutions of low dielectric constant, and 
t] the acidity function concept has no application in alcoholic solvents. 

Use of acidity functions for a given solvent containing varying amounts of acid would 
be empirically justified by a unit-slope straight-line plot of log / for one base against log 1’ 
for another base, but in 27 ,, water in methanol, for example, the log /—log iy plot even [01 


the related base Pp and o-nitroaniline, while it is a straight line, has a slope of 0-82 
published work by Mr. J. B. Hurd). It follows that the unit slope of the log k~H plot i 
acidic cleavage of p-methoxyphenyltrimethylsilane in this solvent ! is fortuitous, dependir 


yn the choice of P nitroaniline as indicator 
Che significance of the linearity of log k-log J and log /--log J’ plots is not clear; either 


on-linearity or unit-slope linearity would be expected. Slopes of up to 1-4 for straight 
line log k-H plots in aqueous solutions have been explained as salt effects, log 

I] stant C4) plots (c, is the concentration of acid) being unit-slope straight 
nes, but no such plot fits our data. [Plots of log k-log J and log k-(log J — constant x cy, 


i both be linear only if log J is proportional to c,, and this is not even approximately tru 
in 05°, ethanol 


It is tempting to infer that when log k-log J relations are of the same type as log J—log / 


relations, then the transition state of the reaction is the conjugate acid of the ground-stat 
molecule, but in the acidic solvolysis of organosilyl hydrides the transition complex also 
contains solvent molecules. Perhaps the only reasonable inference, and this tentative, 1 


; 7) 


riations in k with acid concentration (outside those expected for simple 
prcportionality) are caused by the medium effects which account for the variations in /, 


{ mechanistic change 
EE XPERIMENTAI 
Valeria p-Chlorophenyldimethylsilane, b. p. 199-5°, nw 15188 (Found: C, 56-6; H, 6-7 
C.H | requires C, 563; H, 65%), was prepared by treating trichlorosilane (1 mol.) 
ively with p-chlorophenylmagnesium bromide (1 mol.) and methylmagnesium iodide 
1.) in ether lo remove a fuming impurity the product was dissol\ ed in methanol and 
vered after $ hr 
Dimethyl-p-tolylsilane, b. p. 181-—182°, n® 1-5000 (Found: C, 71-7; H, 92. C,H,,5i 
requires C, 71-9; H, 94%), was prepared by reduction of fluorodimethyl-p-tolylsilane with 
CXE f ithium aluminium hydride rhe product was free from unchanged fluoride, 
Ra leasurements Reactions were carried out in the twin-limbed vessels previou 
ed,’ supersaturation and the apparent induction period ! thus being avoided. 
With aqueous-ethanolic hydrochloric acid rhe " 95% ethanol was a water—ethanol 
f 0-8161 at 60° ¥ (6 vol.-% of water), and dry hydrogen chloride was dissolved in it 
required Usually 5 ml. of a ca. 0-20m-solution of the organosilane were mixed with 10 ml, of 
i lution, but because of limited solubilities larger volumes of more dilute solutions wer¢ 
for triarylsilanes 
rhe following typical runs illustrate procedures. The volumes of hydrogen, V,, were 
measured over water at the temperature and pressure given in parentheses, and the infinity 
lues, V., are the theoretical volumes expected 
4) Kt, Sill (initially) 0-0673m, ([HC1) 1:430m; 34-9 
Ln 0 29 64 4 129 169 236 292 $89 449 ’ 
V; = 747 mm 0 0-83 1-91 2-63 ‘75 477 633 750 9-52 10°57 25° 
1o* ° . 115 1-22 1-16 1-25 1-24 1-22 1-20 1-21 1-21 
° hit = inf V/V. Vi 
H itially) 0-0337M, [11Cl} 1-430m; 34-9 
n.) 0 3 5 10 18 23 28 60 226 09 343 403 isé 
0 0-04 1-52 2-84 4:56 5-55 64410-2909 15-76 16-76 17-28 17°58 1862 24-82 
4, 26-3 26-1 26-0 25-4 25-8 26-1 
] whe : 1-42 1-44 1-42 1-44 1-44 
* hit = In [12-42/(12-42 — V,)]; &y’t = In (12-42/(24-84 — V,)}, it being assumed that after 226 


the s« 1d SrreH bond 


] 1053, 3148 


(1956 Llectrophtle Substitution. Part 11. 1441 


(6) Celt, Sill, (initially) 0-0663m, (HCI) 0-080m; 340°, 


Time (¢) (min ; 0 l 2 3 4 5 6 7 8 i) 10 13-5 © 
V, (ml, 21°, 759 mm.) 1-38 2:78 4:14 550 668 826 962 10-94 12°23 13-48 17-60 73:8 
V,/¢(min.~) . 1-38 1-39 1:38 1:38 1:37 1-38 1:37 1-37 136 1:35 1-30 


ky : 3V,/tV, O-050% iin? 


(11) Aqueous-ethanolic perchloric acid. The acid solution was made by mixing 5 ml. of 
aqueous acid with 95 ml. of ethanol. The reaction mixture thus contains slightly less than 
5 vol , of H,O but this is unimportant at the acid concentrations involved (see Table 4), The 
rate constants in parentheses are those for corresponding concentrations of hydrochloric acid 


HCIO,} (m) ... nananindienana aa 0-311 0-272 
eee 4°90 (4-7 1-05 (3-9 3-50 (3-4) 

(iii) Jn aqueous dioxan, The silane in dioxan (5 m!.) was added to 3 ml. of a 1-633m-solution of 
hydrogen chloride in dioxan (purified,“ and dried by prolonged boiling with sodium) either with 
2 ml. of water or with 1 ml. of water and 1 ml. of dioxan. Deuterium oxide was the 99-8% 
material, 

Indicator Rati These were measured in 95°, ethanol by standard spectrophotometri 
techniques and the symbols below have the usual meaning.*:" The values of Ay and ey are 378 
ind 15,425 respectively. 


10® (HCI) (mM 109 196 300 O51 977 1302 1964 
Ay (My 378 378 375 378 378 375 371 
&s 47 47 48 is 48 57 73 
£, 14,900 13,976 11,750 8675 5550 3260 1200 
108] . (4) 104 314 782 1705 3796 12,170 
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292. LHlectrophilic Substitution. Part I1.* The Nitration of 
Naphthalene and Perylene. 


By M. J. S. Dewar and T. Mou 


Naphthalene and perylene have been nitrated with nitric acid in aceti 
inhydride, The proportions of a- and f-nitronaphthalene have been 
obtained spectrophotometrically. It has been established that mononitration 
of perylene yields very largely one isomer, which is believed to be 3-nitro- 
perylene Aminoperylene has been prepared b reduction of the nitro- 


compound. 


ligrz-Davip and SPONAGEL! nitrated naphthalene in sulphuric acid and in a mixture of 


acetic acid and acetic anhydride. By comparing the melting points of the mixtures of 
mononitronaphthalenes formed with those of synthetic mixtures of the a and the 
8-isomer they calculated the ratio of the isomers as «/@ = 17-2. This value compares 
well with the value, 17-87, quoted by Fedorow and Spryskow* on the basis of spectro 
photometric studi Bavin® nitrated naphthalene in acetic anhydride, and, using the 
analytical method of Fierz-David and Sponagel, he deduced that «/# 15] The method 
is, however, not accurate; further, the earlier workers, except Bavin, did not use exclusively 


trating media. The ultraviolet spectra of a- and §-nitronaphthalene differ 


mononi 
* Part I, /., 1956, 164 
bierz-David and Spor rel, Hel Chin icla, 1943, 26, Oe 


bedorow and Spryskow, Chem. Zentr., 1935, 1, 1423; LI, 90; Z. analyt, Chem., 1935, 101, 188 
+ Bavin, Tl London, 1955; Anilinohrassotschaja Promyschlennost, 1934, 4, 103, 627 
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ippreciably, and it should be possible to determine spectrophotometrically the percentage 
of the -isomer in a mixture of the two isomers to within +.4%. 
We have nitrated naphthalene with nitric acid in acetic anhydride at 0°, 20°, and 45 
ing an excess of the hydrocarbon. Chromatography on alumina was used to free the 
mixed mononitronaphthalenes from excess of naphthalene and from the small amount 
of quinones formed (<2% of the naphthalene which reacted). The ratio a: 8 was deter 
comparing the ultraviolet spectra of the mixtures with the spectra of the pure 


znitronaphthalene was obtained by recrystallisation and chromatography of 

il a-nitronaphthalene. §-Nitronaphthalene was synthesised from $-naphthy]l- 

ia the diazonium fluoroborate and was purified in the same way as the a-isomer 
pectra were measured in ethanol solutions, of total nitronaphthalene concentration 
20 mg./l. (1-155 x 10°-¢m), over the range 240-—380 mu, with a Unicam S.P. 500 spectro 
photometer. Under these conditions the spectra of synthetic mixtures were reproducible 
and were additive functions of the percentages of a- and (@-isomers. With more dilute 
(2 * 10°°m) in ethanol, and with solutions in cyclohexane, these spectra were 


reproducible and did not always obey Beer's law. Specimen results are quoted 


Molar extinction coefficients (x 10%) measured in 1:155 10-4m-solutions 
it ethanol 
y Bat 0 
“AO 
2-9 
76 
9-3 
asurements have led us to conclude that, for the nitrations at0’ and 20 
for the nitration at 45° the ratio is somewhat lower (see Table 2) 


IABLE 2 
it 
4Q lov 


Ratio, a: Bp 10:1 lO: 1 


lemperature 


#-lsomer 


ples of the monosubstitution of perylene are rare,* but the hydrocarbon readily 
polysubstitution. Di- and tetra-nitration have already been described 
positions 3, 4, 9, and 10 


) 


in tetranitroperylene ® the nitro-groups occupy 
Mononitration must therefore occur in the 3-position 

Perylene has now been mononitrated in acetic anhydride solution, with 
an excess of hydrocarbon present. The product was chromatographed on 
alumina to free the nitro-compounds from residual hydrocarbon and a small 
quantity of quinone by-product. At least 94°, of the nitro-compounds 
formed was shown to consist of a single isomer of m. p. 210—211°, and no 
ither isomer could be isolated 

3-Nitroperylene was rapidly reduced to the corresponding amine with 
hydrazine hydrate in ethanol in the presence of palladised charcoal, the 
yield being good. We believe this to be the first recorded instance of the 
use of palladised charcoal to catalyse the reduction of aromatic nitro 


hydrazine hydrate 


ke XPERIMENTAI 
naphthalene was obtained as yellow needles, m. p, 57-3-—-58-3°, by recrystal 
ial a-nitronaphthalene twice from alcohol and chromatographing this product 


from benzene-—light petroleum 
Troger, and Ziegler, Ber 1040, 73, 1042 


and Unterkreuter, Monatsh., 1919, 40, 406; Zinke, lunke, and Lorber, Ber, 
Hirsch, and Brozek, Monatsh., 1929, §], 205 
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Naphthalene-2-diazonium fluoroborate, prepared from $-naphthylamine,’ was converted 


aphtl 
nto $-nitronaphthalene by the method of Hodgson and Marsden;* the crude nitro-compound 
78-2”, 


the same way as a-nitronaphthalene, giving pale yellow needles, m. p, 77:5 
in ice-cold acetic anhydride (5 ml 


B.D.H. microanalytical standard 
for 2 days. In other 


purified in 


Naphthalene.— Nitric acid (0-8 ml,; d 15 
1 to a stirred solution of naphthalene 


Vas § Wwiy i 1€G 
1-00 g anhydride (200 ml.) at 0°; the solution was kept at 0 
experiments nitration was at 20° and 45°. 


rhe acetic anhydride was hydrolysed in excess of water and the product was extracted with 


rhe extract was washed with sodium hydrogen carbonate solution, dried (Na,SO,), 
The residue was chromatographed in light petroleum four times on 20 4 
case as much naphthalene as 


oroform 

V iporated 
olumns of alumina (Peter Spence, type ‘‘ H In each 
le was removed by elution with light petroleum, and the nitronaphthalene band was then 


with ether Some quinone (<10 mg.) was left on the column 


lemperature 
Cy HNO, (g ; 
Yield with respect to HN¢ 


Perylens Perylenetetracarboxylic acid dianhydride, prepared from dinaphthalimide,® 
vas decarboxylated by heating to 400-——500° with soda-lime; 
and recrystallised from a-methylnaphthalene-light petroleum (b. p. 100-—-120°), giving golden 


"7 
272°. 


the hydrocarbon was sublimed 


yellow plates (50%), m. p. 271 

Nitration of Perylene.—Nitric acid (0-2 ml.; d 1-5) in ice-cold acetic anhydride (20 ml.) was 
lowly added to a stirred solution of perylene (1-04 g.) in acetic anhydride (1-5 1.) at 15 After 
24 hr. the anhydride was hydrolysed in excess of w and the product was extracted with 
The extract was washed with sodium hydrogen carbonate solution and the 
chromatographed in benzene on a 20 x 4 cm 
yellow perylene band was eluted with 
vas then removed with benzene—alcohol 
column was eluted with benzene-light 


then with benzene, and finally with benzene-—alcohol (10:1). Several fractions 
1 and recrystallised; the mother-liquors were combined and rechromatographed, and 
vere again taken. Only one isomer was found, the brick-red, crystalline 3-nitroperylene, 

211° (Found: C, 80-2; H, 3-9; N, 46. Cy )H,,O,N requires C, 80-8; H, 3-7 

Light absorption max. in EtOH at 295, 347, 459 my (log,, « 3-60, 3-57, 4-66), Of 
identified by m. p. with this isomer 


chloroform (1 ] 
chloroform was distilled off; the residue wa 
column of alumina (Peter Spence, type “ H °’) rhe 
light petroleum—benzene (1: 1), and the nitroperylene 
rhe nitroperylene was rechromatographed; the 


I 


ng. of nitroperylene isolated, 467 mg. (94°) wer 
luction of 3-Nitroperylenc Hydrazine hydrate (1 and 5%, palladium~charcoal 
0 ms were added to nitroperylene (50 mg.) in boiling alcohol (50 ml After 10 min 
ition had become bright yellow; it was filtered and the alcohol distilled off. ‘he residue 
I f 3-aminoperylene, m. p. 220—230° (decomp.) 
30 meg i C, 89-3; H, 5-1 N, 5-3 2 igN requires C, 89-8; H, 49; N, 


Light absorption max. in EtOH at 261, 325, 462 mu (log,, ¢ 4:44, 3-66, 4-30 


tallised from benzene as yellow-brown plate 


We thank Imperial Chemical Industries Limited, Dyestuffs Division, for a gift of dinaphthal 
pectrophotometer, One 
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mide, and the | 
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293. Glycine Peptides. Part 11.* The Heat and Entropy of 
Formation of the Peptide Bond in Polyglycine. 
3y A. B. Mecey. 


2: 5-dione polymerises to polyglycine in the presence of a 


Piperazine-2 
lumited amount of water, at 60-—-180°. ‘The reaction at 140° has been studied 


in detail, and from a comparison with the results at 180° it is concluded that 
rom the degree of 


both the heat and the entropy of the reaction are small 
180°, the heat and 


polymerisation of polymers obtained over the range 120 
the entropy of formation of the peptide bond in solid polyglycine have been 


33 kcal. mole and 17 cal, mole degree’, respectively. 


calculated as 
in the 


Glycine polymerises to polyglycine at temperatures above 140°, 
presence of water, and of solid glycine. From the partial pressure of water 
in the system, it is calculated that for this reaction AH 3-3 kcal. mole™, 
5-9 cal. mole.* degree*, On the assumption that the values 

imilar for the formation of peptide bonds 
nthesis of proteins under biological conditions is 
namically if the formation of the peptide bond is coupled with the hydrolysis 


of adenosine triphosphate, pyrophosphate, or polyphosphate 


from other amino-acids, 
possible thermody 


Lie 


Ir has been shown! that heating piperazine-2 : 5-dione (1) with water at 180° yields a 
The reaction has now been studied at temperatures down to 60 At 


f glycine 
about three weeks; at 100° 


140)” the reaction is complete in about two days, and at 120° in 
the reaction was incomplete after 14 weeks, and at 60° some polymer had nase 
been formed after three months, At 40° there was no sign of polymerisation Z 
The small amount of polymer formed at 60° was partially 


the insoluble portion was identified as polyglycine by 


alter two years 1 
oluble in boiling water ; oc. 


its X-ray diffraction pattern 

The reaction was studied in detail at 140°, the irreversible decomposition to 
immonium carbonate and other products, which takes place at 180°, being 
The results are summarised in Tables land 2. The analytical methods 
Table la shows the course of the reaction when the ratio of water 


Column 2 gives the percentage of dione converted into insoluble 


then mappreciabl 
escribed in Part I 
eis 1:1 by weight 


TABLE I, 
Percentage of total N as 
A Mean D.P. of 


dione peptide sol. peptides 


4 


walter 


184 
oo 
1-62 
1-18 


e of dione-nitrogen present 
t 


i for all practical purposes is equal to the percentay 
The degrees of 


trogen Columns 3, 4, and 5 refer to the aqueous phase 


m recorded in column 7 are obtained by dividing the figures in column 5 by thos 
It is apparent from column 7 that from 


ind so refer to the soluble pe ptides 
2 : §-dione, glycine, and a small 


rds the aqueous phase contains only piperazine 
1953, 851 


1053, 851 
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amount of ammonia (or its carbonate), higher peptides being almost completely absent. 
(The minimum real value for column 7 is 1; the value of 0-95 arises from accumulating 
errors in the analytical methods.) 

Table 16 shows the result of replacing 10°, of the dione by glycylglycine. The initial 
tages of the reaction are greatly accelerated; after 7 hours there is about 40% polymer 
formation, compared with 2-5% without glycylglycine. However, the degree of poly 
merisation of the soluble peptides is between 1-5 and 2 for the first 30 hours, showing that 
glycylglycine is being formed by the hydrolysis of dione as quickly as it is being consumed 
in the formation of polymer. A similar catalytic effect is shown by small amounts of acids 
and bases. The results suggest that the first stage in the reaction is the hydrolysis of dione 
to glycylglycine, this being followed by the addition of dione molecules to the peptide. 
rhe later stages of the catalysed and the uncatalysed reaction are the same. Glycine and 
alanine also catalyse the reaction, though less effectively; however, when a polymer 
prepared with alanine as catalyst was hydrolysed with acid, and the hydrolysate was tested 
on a paper chromatogram, no spot for alanine could be detected; so it seems that, if alanine 
is present in the polymer in the early stages of the reaction as a terminal residue, it is 
removed later by hydrolysis. 

Table 2 shows the effect of varying the ratio of water to dione. Polymer formation 

ratio is between 3:1 and 4:1. With the water-—dione ratio 3:1, the 
concentration of dione after 24 hours (Table 2a) is 43-4/3 14-3 g. per 100 g. of water; 
after 41 hours (Table 26) there is a small increase in polymer formation. With a water 
dione ratio of 4: 1 there is no polymer formation after 24 hours, and the concentration of 
dione is 46-0/4 11-5 g. per 100 g. of water. The lower limit of dione concentration for 
polymer formation to take place must therefore lie between 11-5 and 14:3 g. per 100 g, 
of water rhe estimated solubility of the dione at 140° is 16-6 g. per 100 g. of water, so 
that AG for the reaction: dione (solid) —® polymer (solid), lies between O-ll and 

0-31 kcal. mole"! at 140°. The value estimated! for 180° was —0-26 kcal. mole"!, so that 
\G appears to change little with temperature. It seems probable that for this reaction 


ceases when this 


TABLE 2. Effect of varying the dione : water ratio 


Percentage of total N a 
Mean D.P. of 


A 


NH, dione peptides NH, or (NH,),CO, sol. peptides 


lin 
6-0 51-5 
18°83 17-9 
21-6 15-5 
41-8 45-4 
26-2 46-0 


9.4 
O-US 
0-96 
! l , 
1-79 


lime 41 

60°5 23-3 lou 1-18 
40-0 24:5 26-3 32-2 32 
11-0 20 29-8 ib 2 $2 
both AH and AS are small, in accordance with the calculations by Dainton, Devlin, and 

Small ® for polymerisation of six-membered rings 
Che equivalent weight of the polymers was determined by titrating them in saturated 
calcium chloride solution with alkali after the addition of formaldehyde. A blank titration 
was necessary, in order to allow for acid in the formaldehyde and for ammonium salts in 
the calcium chloride. This method, which is a modification of that described by Sluyterman 
nd Labruyere,’ gave very reproducible results Phe equivalent weight was also estimated 
means of the absorption of Orange II (sulphanilic acid->@-napthol),* but this method 
howed certain anomalies; when these were eliminated, there was equivalence between 
alkali titrations and the Orange II absorption, showing that the polymers contained 
\ full account of this investigation will be 


{ 
Lin 


equal numbers of carboxyl and amino-group 
published lates 
* Dainton, Devlin, and Small, Trans. Farada 
luyterman and Labruyere, Kec. Trav. chin 105 
venkel-Conrat and Cooper, J. Biol. Chem., 1044 


1446 Meger Glycine Peptides. Part 1]. 


In a polyamide melt the degree of polymerisation is determined by the homogeneou 
eaction 
v-mer y-met (x -+- y)-mer + H,O (1) 


xpressed a 


CO,” + -NH,’ = -CONH- + H,O 
K, = {(-CO-NH-} {H,0}/{-CO,"} {-NH,"} 


mensionless and is the same for all values of x and y, including the occasion when 
1.° The symbols in braces refer to activities 
It will be assumed that eqns. (1)—(3) can be applied also to the solid polyglycine phase 
resent case, but with the exception that K has a special value when x or 4 | 
cine the carboxyl and amino-groups are sufficiently near each other to influence 
ch other; this is not so for the higher peptides, or for the systems for which eqns. (1)—(3) 
ive been tested experimentally 
In solid polyglycine the different polymer species are all present in a single phase, a 
ire in a melt, and from X-ray diffraction data on the lower peptides of glycine it 1 
robable that the carboxyl and amino-groups are closely associated, so that reaction 
le without disruption of the crystal lattice. Application of eqns. (1)—(3) to the 
mer phase is therefore plausible, as a working hypothesis, and since it leads to a 
iction which is in agreement with the value deduced from heats of combustion 
justified 
er to apply eqn. (3), it is necessary to find expressions for the activities of water, 
CO,”, and ~NH,* in terms of experimentally measurable quantities 
ler a weight of the polymer, having degree of polymerisation m, which contain 
of nitrogen. The molecular weight of the repeating unit in the polymer is 57 
required weight will be (57 + 18/n) g rhis quantity of polymer will 
equiv. of -CO,~ groups, (1/n) equiv. of -NH,°* groups, and (1 I /n) equiv. of 
roup 
following are taken as standard states for the reactant for water, liquid water 
iperature of the reaction; for — O-NH-, the ~-CO:NH-— group in the polymer of 
i length; for -CO,” and ~NH,", these groups in the polymer of infinite chain 


number of equivs. of any of the groups per g.-atom of nitrogen be (a In the 
f infinite chain length the activity of the carboxyl and amino-groups will be ( 
may put a = (x), or a>(x) as n> infinity. Since charged groups are involved, the 
vill diverge from unity as the concentration of charged groups in the polymer 
1.¢., as nm decrease But over a narrow range of values of » the ratio a/(x) ma‘ 
is constant (denoted by y), in analogy with an activity coefficient in an aqueous 
of an electrolyte. Then, y->1 as n->infinity 
ilculations in the present paper, » varies from 9 to 13, and it will be assumed 
this range the variation in y may be neglected. Further, it is assumed that y does 


ippreciably with temperature, again in analogy with aqueous solutions. 

alue of (x) for the -CO*-NH- group varies only from 0-89 to 0-92; moreover, thi 
» carries no charge. It should be possible to put a = (x) without appreciable error 
Inserting the appropriate quantities in eqn. (3) gives 


kK, Ay,o.n(n 1) /" (4) 


on is dimensionles As y cannot be evaluated from the data at present available, 
umed that it is unity 
gree of polymerisation of the polymers from 100° to 180°, and the corresponding 


of Kk, calculated by means of eqn. (4) are given in Table ¢ Since in the reaction 
the piperazine-2 ; 5-dione is hydrolysed to glycine, the liquid phase 1s a solution of 


j Ippi Chem., 1955 5. 403 
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glycine, in which the activity of water is less than unity. It is assumed that the activity 
of water in the polymer phase is the same as in the aqueous phase. From the yield of 
polymer the amount of glycine in the aqueous phase was calculated. The boiling points of 


TABLE 3. 
Time Ratio, 
Temp (hr.) H,0 : Dione Yield 44,0 K, 
180° 86 124 
sv 130 


_— 


4 
74 


160 


a3 <3 = 


- 


140 


Ste sew 


leeds ne ee 


a series of glycine solutions were determined in a Landsberg apparatus. If a particular 
solution boils at a temperature T° and the vapour pressure of pure water at the same 
temperature is p atm., the activity of water in the glycine solution is 1/p, approximately. 
It was assumed that in a solution of given concentration the activity of water relative to 
liquid water at the same temperature was constant from 100° to 180°. A graph was 


————. 2 | 
< 
° 


© 


constructed, which was linear, of ay,o against g. of glycine per 100 g. of water, and the 
activity of water in the aqueous phase was read off from it 

[he values for K, obtained at 3 hours at 180°, at 8 hours at 160°, and at 30 and 104 
days at 100° were not equilibrium values. The others may be. An attempt was made to 
approach the equilibrium from the other side. Polymer prepared at 180° was heated with 
water at 160° and 140°. After 18 hours at 160°, or 44 hours at 140°, there was no change 
in ». Heating for longer periods caused some decomposition, and both mereases and 
decreases in n were observed. These results were without significance for determination 
of the equilibrium 

Che values for K, given in Table 3 may be regarded as minimum values. The tru 
equilibrium values may be greater; they can hardly be les 

In the Figure log K, is plotted against 1/7. The line is drawn with a bias towards the 
higher values of K,, in view of the possibility that they may be on the low side. The 
line is given by the expression 

log kK, 3°72 “* , (5) 

rom this, for the reaction, x-mer + y-met H,O (liquid); SH 3°3 


keal. mole"! and AS 17 cal. mole! degree ! 


1448 Meggy : Glycine Peptides. Part I]. 


Since glycine can be dehydrated to piperazine-2 : 5-dione at 140—-180° in glycerol ® 
or ethylene glycol,’ and since it followed from the present work that the dione is thermo- 
dynamically unstable with respect to polyglycine at all temperatures from 60° to 180°, 
direct polymerisation of glycine to polyglycine appeared possible, and this was confirmed 
by experiment 

When glycine is heated with a small amount of hydrochloric acid in a sealed tube at a 
temperature above 140°, it is converted into polyglycine, The yield of polymer depend 
on the ratio of glycine to hydrochloric acid, and the results obtained by using 10N-hydro 
chloric are given in Table 4. No polyglycine is formed at 130°, and if tubes which have 
been heated to 140° are kept at 130° for 24 hours, the yield of polymer is reduced, 

rhe essential conditions for the reaction appear to be a temperature above 140° and 
the presence of glycine as solid phase. Hydrochloric acid is not essential to the reaction ; 
phosphoric acid, ammonium chloride, and sodium hydroxide are effective catalysts, or the 
reaction may be carried out with water only. However, hydrochloric acid gives the best 
yield and quality of polymer. 

It is possible to carry out the reaction at atmospheric pressure in the following way 

ufficient water was added to the mixture of glycine and hydrochloric acid to dissolve all 
the solid at the boiling point. If this solution was evaporated immediately, glycine began 
to separate when the boiling point of the solution had risen to 115--117°. If the solution 
was first refluxed for 2 hours, and then evaporated, no solid separated. The boiling point 
of the solution rose steadily as the water was removed, and the residue became increasingly 
viscous. When the temperature had risen to 150—-160° it was held there for a few hours, 
and the product was then extracted with water. The yield of polyglycine by this method 
varied greatly. It seems that during the preliminary refluxing some lower peptides of 
lycine are formed, and their presence interferes with the crystallisation of glycine, so that 
iturated solution is obtained which can be heated to a temperature at which 
polymerise 

isation of gly ine to polygly ine may be considered to take place by a hetero 
reaction between glycine in solution and solid polyglycine, in which successive 

olecules are added on to a polymer chain, thus 


glycine -+- *-me! (x + 1)-mer + H,O (6 


Phis proce by itself would lead to a continuous increase in the length of the polymer 


chains, and in the number average (n) of the degree of polymerisation. At the same time, 
however, hydrolysis of internal peptide bonds takes place. For every m molecules of glycins 
converted into polyglycine by reaction (6), one peptide bond is hydrolysed by the reverse 
of reaction (1), so that » remains constant. The degree of polymerisation is determined by 


K,, according to eqn, (3). Glycine in the aqueous phase is also in equilibrium with solubl 


peptides and with piperazine-2 ; 5-dione, but these are not here concerned. The equili 
brium constant for eqn. (6) is given by 


Ky, = {(x 1)-mer} {H,O}/{x-mer} {glycine} (7) 


Che standard state for glycine is solid glycine at the temperature of the reaction I he 
standard state for water is liquid water at the temperature of the reaction, as for eqn. (3) 
Phe standard state for the polymer is the solid polymer at the temperature of the reaction 
In a polymer of number average degree of polymerisation nm, the mole ratio ® * (x -+- 1)-mer to 
(x-mer) 1s (" 1)/n, and the activity ratio will be the sam: qn. (7) then becomes 


K, = (n — 1){H,O}/n{glycine} (8) 


Eqn. (8) defines the activity of water in a system containing solid glycine and solid 
polyglycine. If the system also contains a liquid phase, that is, if glycine is in equilibrium 
with its saturated solution, the system will contain four phases ; glycine solution, solid 

Balbiano, Ber., 1901, 94, 1501; Maillard, Ann. Chim., 1914, 1, 519; 2, 210 
wnnic, Bull. Sec. chim. (France), 1942, 9, 487 


* Flory, Chem. Rev., 1946, 39, 174 
* Megg j 1053, 706 
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glycine, solid polyglycine, and water vapour. The system contains only two components, 
since all glycine peptides and polymers can be regarded as (x Glycine — H,O). Therefore 
in the presence of a liquid phase the system is invariant. There can be only one tem- 
perature at which four phases can co-exist, and this is a transition temperature. At all 
other temperatures, if a liquid phase is present, the solid phase may be either glycine or 
polyglycine. If both are present, no liquid phase can exist at equilibrium. 

Chese conclusions are in agreement with the experimental results. The transition 
temperature lies between 130° and 140°. Below this temperature glycine is the stable 
olid phase in the presence of glycine solution; above it, polyglycine is the stable solid 
phase. Since polyglycine is stable at the higher temperature, the reaction m Glycine+ 
Polyglycine (m-mer) +- (n — 1)H,O must be endothermic 

Experimental determination of K, is difficult. It is not possible to measure the activity 
of water for the system (solid glycine—solid polyglycine) over a range of temperatures, 
since equilibrium is not established in the absence of an aqueous phase. Polymer is not 
present in the presence of an aqueous phase below the transition temperature, at any rate 
in measurable amounts, since its solubility is very low. Consequently it is not possible 
to determine n. Above the transition temperature polymer is present in quantity, and 
nm can be determined. The activity of water can also be determined from its partial 
pressure. But it is difficult to devise a simple method for determining the activity of 
glycine in the aqueous phase; even the determination of its concentration is rendered 
difficult by the presence of appreciable amounts of soluble peptides 

A single determination of K, at the transition temperature is possible, since at this 
temperature the activity of glycine is unity It is only necessary to determine n, and the 
partial pressure of water. 

Glycine was polymerised at 140°, in the presence of hydrochloric acid in a tube attached 
toa mercury manometer. After 24 hours at 140° the tubes were placed in a Silicone bath 
at 137°, and the manometer was read at intervals; a value was reached after 1 hour 
which remained constant for 6 hours. From the manometer reading the partial pressure 
of water was 1-2atm. Since the vapour pressure of water '9 at 137° is 3-27 atm » an,0 = 0°36, 
rhe degree of polymerisation was 12; from eqns. (4) and (5) the expected value is 16. If 
the transition temperature is assumed to be 137°, Ky 0-33. If the transition tem 
perature differs by a few degrees from 137°, this will not affect the value of K, at the 
transition temperature appreciably, since the variation of (n—1)/n with temperature will 
be negligible, and the variation of ay,o will be small 

rhe transition temperature for the reaction, glycine(solid)->polyglycine(solid) -+- H,O 
(liquid), being taken as 137°, AG = 0-89 kcal. mole"! (glycine) at 137 

Reactions of Other Piperazine-2 : 5-diones and Amino-acids.-Attempts to polymerise 
ubstituted piperazine-2 ; 5-diones and amino-acids other than glycine were not successful, 
Heating sarcosylglycine with an equal weight of water at 140° for 20 hours converted it 
quantitatively into 1l-methylpiperazine-2 : 5-dione (II), and no polymer was formed 


NPh NH 
“* ’ a. 
H,C co CHPhC 


oc CH, oc 
4 ~ 
NPh 


(IV) 


Under the same conditions glycylglycine gave polymer. 3: 6-Dimethylpiperazine-2 : 5 
dione (pi-alanine anhydride) (IIT) was hydrolysed to alanine and alanylalanine without 
polymer formation. 1:4 Diphenylpiperazine-2 : 5-dione (IV) (from N phenylglycine *") 
and 3 : 6-dibenzylidenepiperazine-2 ; 5-dione (V) (from benzaldehyde and piperazine-2 ; 5 
) remained unchanged. 


dione 
International Critical Tables, Vol. III 


ioff and Hausdorfer, Ber, 1892, 25 
iki, Ber., 1921. 84, 163 
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lazawa “ states that silk is depolymerised when heated in anhydrous ethylene glycol 
or glycerol to a mixture of diketopiperazines. This appears to be the reverse of the poly- 
merisation of piperazine-2 : 5-dione; however, attempts to convert polyglycine into 
piperazine-2 : 5-dione by heating it in anhydrous glycerol have not been successful. 

Attempts to polymerise amino-acids other than glycine were not successful. «-Amino 
isobutyric acid was unchanged when heated with a little hydrochloric acid at 140° for 
24 hour At 220—240° a trace of a sublimate was formed, which may have been the 
anhydride, 3: 3: 6: 6-tetramethylpiperazine-2 : 5-dione. On prolonged heating at thi 
temperature, considerable pressure was developed, and the tubes burst. From the odour 
it seemed that decomposition had taken place to isopropylamine and carbon dioxide 

pi-Phenylalanine was partly decomposed under the reaction conditions, with the 
formation of tar. L- and pi-Alanine gave dark viscous products, completely soluble in 
wate! 

Che higher amino-acids are less soluble than glycine; consequently the activity of 
water in their saturated solutions at 140° is greater than it is in the saturated solution of 
glycine at this temperature, and this would tend to prevent polymerisation. Two experi 
ments were carried out in which glycine, pt-alanine, and 10n-hydrochloric acid were heated 
it 140 lhe proportions of glycine to acid were 2: 1 and 2-5: 1, which, from Table 4, i: 


TABLE 4. Direct polymerisation of glycine at 140 
Time of heating, 18 hr } ml. of 10n-HCl 

20) 2-2 2 3-5 5-0 

0 0 6 20 53 
ol. fraction 1-33 5 i; 1-60 1-65 
ibout the marginal ratio for polymer formation. Consequently, the activity of water in 
these experiments should be about the same as in the polymerisation of glycine. The 
product was almost completely soluble in water in both cases. However, the biuret 
reaction was pink, and the ratio of total nitrogen to amine-nitrogen was about 2-5. It 
cems that some peptide formation takes place under these condition 

Discussion.—The relation between solid glycine, solid piperazine-2: 5-dione, and 
polyglycine, in the presence of water, 1s 
140° 


Glycine == Polygiycine 
140° (slow) 


t t 
Piperazine-2 ; 5-dione 


In the presence of an aqueous phase, the dione is unstable with respect to glycine and 
polyglycine at all temperature 

In the polymerisation of piperazine-2 : 5-dione, equilibrium was not reached between 
the polymer phase and glycine in solution. The solubility of glycine in water is 112 g./100 
g. of water at 140°, by extrapolation from the data of Dunn, Ross, and Read, and at or 
near this temperature polyglycine should be in equilibrium with the saturated solution of 
glycine Krom Table 1, the concentration of glycine in the aqueous phase at 140° increases 
from 50 ¢./100 g. of water at 24 hours, to 80 g./100 g. of water at 114 hours, if the whole of 
the soluble nitrogen is regarded as glycine-nitrogen. This is still below the saturation 
value, and it seems that hydrolysis of the polymer is extremely slow, presumably because 
it is controlled by the rate of diffusion of the glycine formed by hydrolysis 

Although equilibrium was not established between the polymer phase and glycine in 
olution, it is believed that equilibrium was established between the various polymer 
pecies in the polymer, and water in the aqueous phase. Replicate experiments at the 
ame temperature gave the same value of K,, which did not change with time. The plot 
of log A, against 1/T was linear, and the heat of reaction calculated from the slope was 


icta Phytochim. (Japan), 1942, 13, 57 
ss, and Read, /. Bi Caen 1933, 108, 579 
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consistent with the heat of formation for the peptide bond in glycine-peptides calculated 
from combustion data, 


Che heats of combustion of glycine-peptides have been determined by Wrede.® The 
heat of formation of glycylglycine has been calculated by Borsook and Dubroff!* from 
Huffman’s data.'’ The calculated values for the heat of formation of the peptide bond 
in a number of glycine peptides (Table 5) show that the heat of formation of the peptide 


TABLE 5 Heat of formation of the peptide bond, 


Reaction H (keal H per -COsNH- (kcal 

ooo wow 

0-68 4-s4 

13-10 4-36 

t-1s 4-15 
3-42 3-42 

2G piperazinedione + 2H,O . TOO POS 
bond for successive glycyl residues tends to a value between 3 and4kcal. From the heat 
evolved in the enzymic hydrolysis of lactoglobulin, Linderstram-Lang !* arrived at a similar 
estimate for the peptide bond in proteins. The value of 3-3 kcal. calculated from eqn. (5) 
is in good agreement with the thermochemical result From the heat of formation of 
viperazine-2 : 5-dione, the heat of the reaction, piperazine-2 : 5-dione+polygiycine, is 

p)y pty } g 

0-65 kcal. per -CO-NH This is probably within the limits of error of the combustion 
data, but it indicates that AH for this reaction is small, in agreement with theory * and 


with the polymerisation experiments 

since only a single determination of K, could be made it was not possible to determine 
\H for reaction (6) from the experimental results. However, it is probably not greatly 
different from the value 3-3 kcal. mole~! for the reaction between two peptides, since from 
Table 5, for G Gy G, 4 H,O, AH 3-42 kcal If it be assumed that AH for 
reaction (6) is 33 keal., then since AG =0-89 at 137 AS = 59 cal. mole! 


degre¢ 1 
rhus, assuming that AH = 3-3 kcal. mole for reactions (1) and (6), AS 17 cal 
mole! degree! for reaction (1) and 5-9 cal. mole"! degree"! for reaction (6). The difference 


of 11-1 cal. in the entropy for the two reactions is due mainly to the difference in the entropy 


of ionisation of glycine and the higher peptides.” For glycine, for the reaction,*° 


NH,’ -CH,CO,” = NHyCH,-CO,H 


AS 1-6 cal. mole"! degree™'. For the higher glycine peptides *! at 25°, pK, JOO 
pk, 7-60. For the conversion of the ionised into the non-ionised form, AG 6-24 
kcal. mole’. The heat of ionisation of glycine *® is 9-65 and for glycyl-glycine 10-21 keal 

‘her peptides, but if it is assumed to be 


mole! at 25 It has not been determined for the hi 
3-07 keals. at 25’, and 


> same as for glycylglycine, then for the higher peptides 7 AS 
ation entropy of glycine and the 


13-3 cal. mole! degree"! rhe difference in the ion 
ul peptides is therefore about 14-9 units at 25°, compared with a difference of I1-L for 

the entropies of reactions (1) and (6) at 140 
lhe difference in the ionisation entropy of glycine and the higher peptides is due to the 
increasing separation of the charged centres in the peptic 1% For the tripeptide th 
separation is already so great that the carboxyl and amino-groups no longer influence each 
other rhe same is observed when the groups are separated by a hydrocarbon chain 
are practically the same as 


For 6-aminohexanoic acid,*" pK, = 4-43, pK, 10-75; these 


Wrede, Z. ph Chem., 1910, 75, 92 

'* Borsook and Dubroff, /. Biol. Chem., 1940, 182, 308 
Huftman, /. Ph Chem., 1942, 46, 885 
Linderstrom-Lang, Proc. 9th Solvay Congr., Brussel 3 
Idem, Proc. 6th Int. Congress Exp. Cytolog Stoc! | ) Meggy, |. Appl. Chem 

4, 154 

mith hem., 1942, 146, 193 

mmel, |. Amer. Chem. Soc., 1941, 63, 243; Cohn and Edsall, Proteins, Amino 
iold Publ, Corp., New York, 1043 
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for an aliphatic acid and an aliphatic amine respectively. Consequently the values for 

the equilibrium constants K, and K, should be the same; this has been confirmed ® for the 
olymerisation at 220°, 

dissociation constants of other a-amino-acids are approximately the same as for 

*! and the dissociation constants for the «-amino- and the carboxy] groups in higher 

are about the same as for the glycine-peptides.** It is probable that the heat and 

opy for the formation of a peptide bond from an uncharged amino- and an uncharged 

yl group are about the same for all a-amino-acids and peptides. It follows that the 

entropy for the formation of a peptide bond between any two amino-acids will 

ot differ greatly, on the average, from the values for glycine. This is supported by the 

ite for the heat of hydrolysis of the peptide bonds in 6-lactoglobulin. 

\t 37° the value of K, is 23-8, from eqn. (5), and n 5-4. It follows that if polyglycine 
of high molecular weight is treated with an endopeptidase capable of hydrolysing internal, 
but not terminal, peptide bonds, the polymer will be degraded to a number average degree 

{ polymerisation of 5-4, corresponding to the hydrolysis of 15-7°%, of all the peptide bonds 
lhe value of K, at 37° is 0-09; if the partially hydrolysed polymer is treated with a carboxy 
amino-peptidase, it will be hydrolysed completely to glycine. On the other hand, the 
original polymer of high molecular weight will be only slowly attacked by a carboxy- or 
amino-peptidase, as the number of terminal groups present will be small 

[hese conclusions resemble qualitatively and quantitatively the action of digestive 

on proteins. Pepsin hydrolyses only 15-20%, of the peptide bonds; complete 
of the remainder takes place in the presence of trypsin and erepsin. The action 
enzymes on intact protein is slow, but it is rapid on protein which has been treated 
in. However, the action of enzymes on proteins is greatly influenced by specific 

m particular types of peptide bond 
ce polyglycine is thermodynamically unstable with respect to glycine at 37°, direct 
ation of polymers from glycine at this temperature is not possible. Yet in biological 
the synthesis of proteins takes place from very low concentrations of amino-acids. 
heat and entropy of formation of the peptide bond in proteins arenot greatly different 
those for polyglycine, this synthesis must require a supply of energy. The most 
ible source is the so-called “ high-energy ”’ phosphate bond, usually a P-O-—P bond, 

1 a8 exists in adenosine triphosphate. It is known that this can bring about the 

hesis of glutamine from glutamic acid and ammonia,™ and of hippuric acid from glycine 

poic acid,™ and that the reactions are reversible. For the reaction,™ 


ATP +4 H,O ADP phosphate (Y) 


8-0 0-80 kcal. at 25° and pH 7-0. For reaction (6), AG 1-83 keal. at 37 
8-00 keal, for reaction (9) at 37°, and combining reactions (6) and (9), we have 


Glycine -+- (x-mer) + ATP = (a 1)-mer +- ADP +- phosphate (10) 
617 kcal. at 37° and Ky, = 23 « 104, where 
{(x + 1)-mer} {ADP} {Phosphate) /{x-mer} {ATP} {Glycine}. (11) 


oncentration of amino-acids in blood plasma is approx. 4 10° mole/l.; the 
tration of phosphate ® is approx. 10° mole/l. For eqn. (6) the standard state for 
i¢ is the solid; at 37° the saturated solution is about 4m, so that the activity of 
olid) ina4 10°*m-solution is about 10°%. For phosphate in eqn. (9) the standard 
the Im-solution at pH 7-0. By inserting these values in eqn. (11), and putting 
|)-mer}/{x-mer} 1, since the degree of polymerisation will be large, we have 

ATP o's 104 
ygnifies that in a solution 4 10°*m with respect to glycine and 10°°m with respect 

ow and Meister, /. Biol. Chem., 1954, 209, 265 
ed. Proc., 1949, 8, 597 


und, Ann. Reports, 1954, §1, 301 
eron, ‘' Textbook of Biochemistry,"’ Churchill, London, 1933 
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to phosphate, and containing adenosine di- and tri-phosphate, the formation of polyglycine 
is possible thermodynamically if the molar ratio ADP/ATP is less than 2-3 x 106. It 
should be noted that the ratio of the adenosine phosphates, not their total concentration, 
is the determining factor. The total concentration may be quite small. Provided that 
glycine is supplied at the right level, and the ADP/ATP ratio is maintained at the right 
level by some other reaction, e¢.g., one involving the oxidation of carbohydrate, the synthesis 
of polyglycine could continue indefinitely. 
The degree of polymerisation of the polymer will be determined by the reaction 
CO, NH,* -++- ATP CONH ADP -|. Phosphate (12) 

which is the combination of eqns. (2) and (9). Here we have 


Ky n(n 1){phosphate} {ADP}/{AT P} oe by erie Ge 


Since the solutions are 10°°—10-°M, ayo may be taken as 1, For reaction (2) at 
37°, AG 2-00 keal.: for reaction (9), AG 800 keal.: so that for reaction 


(12), AG 10-00 keal., and K, = 107. Putting {phosphate} = 10-8, and (ADP)/ATP 

2:3 x 104, gives n = 660. 

If the ratio {ADP}/{ATP} is less than 23 10‘, synthesis is possible from 
concentrations of glycine less than 4 x 10°%, and the degree of polymerisation of the 
polymers will be greater than 660. It seems that, if the heat and entropy of formation 
of the peptide bond between any two naturally occurring amino-acids are on the average 
not greatly different from the values for glycine, the energy necessary for protein synthesis 
from amino-acids at the concentrations at which they are present in biological systems, 
to degrees of polymerisation such as are found in proteins, can be supplied by adenosine 
triphosphate or by any other compound at the same energy level, such as phosphocreatine 
Che energy available from the hydrolysis of a P-O-—(C) bond, such as is found in adenosine 
monophosphate, glucose phosphates, or nucleic acids, is probably insufficient for protein 
ynthesis. The energy available from the hydrolysis of an inorganic P-O-P bond, as in 
pyrophosphate or polyphosphate, is sufficient in principle to polymerise glycine in aqueous 
solutions at low temperatures. But it is necessary to provide a mechanism for coupling the 
hydrolysis of the P~O-P bond with the synthesis of the peptide bond. If solutions of 
glycine and sodium pyrophosphate or sodium polyphosphate (Calgon) are heated, there 
is a slow hydrolysis of the P-O—P bond, but no synthesis of polyglycine 


EXPERIMENTAI 

Determination of the Degree of Polymerisation..-A weighed amount of the polymer, dried at 
100° for 1 hr., was dissolved in 42% calcium chloride solution, with warming if necessary, Dis 
solution of the polymer required 4—1 hr. Formaldehyde solution (40%; 10 ml.) was added, and 
the solution titrated with 0-1N-potassium hydroxide (to phenolphthalein). A control titration 
was carried out. The degree of polymerisation of the polymer was given by (equiv. wt 
18)/57 

Polymerisation of Glycine.—-(a) With hydrochloric acid. Glycine (10 g.) was heated with con 
centrated hydrochloric acid at 140° (sealed tube) for 24 hr, and the product then extracted with 
boiling water. ‘The solid material was separated at the centrifuge, washed twice with water, 
then twice with methanol, and dried at 100° or in a vacuum-desiccator (CaCl,) Che yield 
(4 2., 53°) was the same with 2n-acid and was not increased by heating for 65 hr 

(b) With sodium hydroxide. Glycine (6 g.) and 2n-sodium hydroxide (1 ml.) at 150° gave, in 
19 hr., 1°3 g. (33%) of polymer. 

Glycine (5 g.) with ammonium chloride (1-5 g.) in water (1 ml.) at 150° for 19 hr., with 86% 
phosphoric acid (2 ml.) at 140-—150° for 60 hr., or with water at 140-—150° for 68 hr. gave 20, 
26, or 8%, respectively of polymer. 

Polymerisation under Atmospheric Pressure.—Glycine (75 g.), concentrated hydrochloric 
acid (25 ml.) and water (60 ml.) were heated under reflux for 2 hr., then the water was distilled 
off during 1—-2 hr., until the temperature was 140 The mixture was kept at 140-1560” for 18 
hr. The product was boiled with water (150 ml.) until it disintegrated, then dissolved in a 
solution of calcium chloride (anhyd.; 800 g.) in water (1-2 1.), stirred with charcoal (10 g.) for 
30 min. and filtered. The pale yellow solution was diluted to 5 1. and the polymer collected 


Addison, Addison, Kerridge, and Lewis 
i¢ centrifuge, washed with water and methanol, and dried at 100 It formed a white 
der (24 g., 42%). 

merisation of Glycine and pL-Alanine.-—Glycine (2-5 5 alanine (2-5 g.), and con 
drochloric acid (1 ml.) were heated for 19 hr. at 140 Che product was liquid when 


for a small residue, but solidified on cooling. It was dissolved in hot water (50 m1.) in 


as insoluble. The solution was decolorised with charcoal and filtered. The biuret 


is magenta-red. Total N was determined by Kjeldahl’s method, terminal N by 
ition to methyl-red, addition of formaldehyde, and titration with alkali (to phenol 
The ratio, total N: terminal N, was 2-6. In a second experiment, with 2 g. of 
, r , > 


3g. of alanine, the ratio was 2-5 No crystalline material was obtained from the 


obutyric acid (5 g.) and 2n-hydrochloric acid (2 ml.) were unchanged during 
140-150 Heating for 18 hr, at 220---240° gave only a trace of sublimate 
lalanine (1 g.) and 2n-hydrochloric acid (1 ml.) in 16 hr. at 140—-150° gave only 
id an odour of phenyla é taldehyde 
nzoic acid (3 g.) was decomposed by water (3 g.) in 66 hr, at 140-—160° completely 
dioxide 
1 g.) and water (1 g.) in 20 hr. at 140° gave : sar yellow solution; addition 
ive a trace of crystalline material (glycine Evaporation of the filtrate 
i of the residue (0-9 g.) from ethyl acetate gave material of m. p. 139-—142 
ed with sarcosylglycine anhydride 
iphenylpiperazine-2 : 56-dione (3 g.) was unchanged by water (3 g.) in 65 hr 
140 160 
4: 6-Dibenzylidenepiperazine-2 : 5-dione (3 g.) was unchanged by water (3 g.) for 65 hr. at 
140-160 After 24 hr, at 220-—240° it was decomposed (odour of phenethyl alcohol) 
crystallisation of the product from water (charcoal) gave a small amount of crystals, m. p 


60-—72°, probably impure phenylacetic acid 
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294. Liquid Metals, Part 1V.* The Wetting of Zine by Liquid 
Sodium : the Significance of the Critical Wetting Temperature. 


Appison, W. E. Appison, D. H. KEerripa) nd J. Lew 


etting of metallic zinc by liquid odium has been 
contact angles over ranges of time and tem ture sctro 
hed zine surfaces show a critical wetting temperat > nea , and 
reaction between sodium and the zinc phospl I 
iring electropolishing is shown to be responsible fo 
etting temperature is observed for abraded zin 


ms of wetting are discussed from the poin 


gh surface films of zinc phosphate and zin 
intermetallic compound Zn,,Na he condition of the 


odium has been studied microscopicall\ 


Factors which influence the wetting of a solid metal by a liquid metal fall into two distin« 
categoru l‘irst, there are those resulting from properties ol the pure metals, such a 
urface tension, atomic volume, and electronic structure; an early attempt was made b 


' to relate wettability with a fundamental property The 


Hildebrand and his co-worker 
limited data available suggest that the two metals must form a layer of intermediate 
m at the interface before wetting can occur; this approach permits wetting to 

ted to some measurable property of the metal system econdly, there are tho 


which arise from the presence of films at the solid metal surface 


vorkers have suggested that wetting only occur 


1055, 3047 


! lilognes and 
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wetting temperature. This has been observed for the systems bismuth-copper, tin 
is used as the third phase, and in 


molybdenum, tin—copper,* and lead—nickel,’ when a gas 
certain other systems when the third phase is a flux.*® Miller, Ewing, Hartman, and 
Atkinson ® studied visually the wetting of nickel and of steel by liquid sodium, and quoted 
wetting temperatures. Winkler and Vandenburg’ employed molybdenum, nickel, and 
steel specimens as ribbons of known electrical resistance. A wetting film of sodium acts 
as a low-resistance conductor in parallel, and its presence is revealed by change in electrical 

In these experiments the specimens were coated with oils and the values 
ignificance as fundamental properties of the liquid metal-solid metal systems 
ittempt has been made to seek a 


resistance. 
have no 
In spite of these observations of the phenomenon, littl 


reason for critical wetting. 

rhe work to be described in this and later papers concerns factors governing the wetting 
of metals by liquid sodium, starting with the transition metals, and first with the zin 
group. The readiness with which the metals form intermetallic compounds decreases in 
the order Hg > Cd > Zn, as shown by the number of compounds revealed in the phase 
diagrams: Hg,Na, Hg,Na, Hg,Na,, HgNa, Hg,Na,, Hg,Na;, HgNag;* Cd,Na, Cd,Na;® 
Zn,.Na. 11,12 At 200°, the solubility of mercur odium is 44 atoms °%%, and when 


413 
lean mercury is placed in liquid sodium it will clearly be wetted immediately The 


Citalil 

olubility of cadmium in sodium is 5 atoms % at 200°. A thin plate of cadmium placed 
in liquid sodium (at 100° and above) was wetted immediately: within a few minutes the 
grew thick because of the formation of the intermetallic compound, some of which 
ilar interest, since although one 


n sodium is not detectable 


plate 
also dissolved in the sodium. The case of zinc is of parti 
intermetallic compound is formed,!® the solubility of zin 
below the melting point of the compound Zn,,Na (557 


RESULTS AND D1 


klectropolished Plates.—Contact angles were measured by the vertical-plate technique 

A thin plate of zinc (partly immersed in liquid sodium) was suspended from an arm attached 
to a torsion wire; the forces acting on the plate include the surface tension of sodium (y) 
acting at some angle 6, and from the balance of forces the term y cos 0 is evaluated, The 
apparatus and procedure are described in Part I,! and the value of y used in deriving 
contact angles is that already determined by this technique.“ In each measurement the 
plate was drawn up through the surface in stages, and the contact angle recorded at each 
Ihe value of 0 decreased to a steady minimum value, which re presents the true 

g angle. The periods of time recorded in this paper as “ time 

» the times elapsing since the plate was first immerse odium. During each run th 


ite was normally kept immersed, and was only withdrawn during the actual measurement 


of immersion ' 


of contact angle 
When an electropolished (but not degreased) zinc plate i 
lowly during 30 min. to 20°, and thereafter remains at about this value. When the 
plate was degreased for 4 hr. in a Soxhlet extractor etone and withdrawn from hot 
acetone, wetting was almost complete after 30 sec., and 6 reached 0” within 10 min 
However, when a plate was given identical treatment b was withdrawn from acetone 
ifter the latter had been allowed to cool, 0 was 40° af 10 min., and O° after 20 min 


used at a temperature of 180°, 
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Traces 
sodium (see also Bondi "), 

Above 160°, the rate of wetting of thoroughly degreased plates increases with tem 
perature (ig. 1). Below 160°, a different behaviour is observed (Fig. 2). There is a 
delay (which increases rapidly as temperature decreases) during which the angle passes 
through a maximum, and the contact angle then falls to 0° at a rate which falls with 
decreasing temperature. From a graph of the times required for complete wetting against 
temperature, it is clear that there is a critical wetting temperature near 160°, and on either 
side of this temperature two quite different processes of wetting are operating. 

Nature and Thickness of Film on Electropolished Zinc.-Electropolishing produces a 


of organic contamination thus have a pronounced effect on rates of wetting by 


Wetting of electy rpolishe 4 sinc by sodium 


above 160° 


oO 4-—-e— 1——o—— 


+ { +———_4—_—-++ 
JO } 
Time of immersion (min) 


1 of eleclropolished 
i below 160 


t t ¢ ’ 
120 160 200 240 280 


Time of immersion (min) 


Raether }* concluded that the film produced by electro 


olid fiim on a metal surface.’ 
Jacquet and Jean ?? 


polishing zine in orthophosphoric acid was more than 50 A thick; 
phosphorus present on electropolished zinc, after the plate had been washed in 
phosphoric acid and then water, to be 0-6—2-3 10-7g./cm.*, The film being 
issumed to consist of anhydrous zinc phosphate (d 4-0 in the massive state #7) our calcu! 
itions indicate a film thickness of 20—70 A. The film may be appreciably thicker before 
ng; in analogous experiments on electropolished copper, Jacquet and Jean 17 found 
washed copper film to contain about the same quantity of phosphorus as does the 
film, whereas the film on unwashed electropolished copper is about 1000 A thick.!* 


found the 
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In the present experiments a tracer technique was used to study the film: | ml. ofa 
dilute aqueous solution of phosphoric acid containing | mc activity of #*P was added to an 
orthophosphoric acid bath in which a plate was electropolished under normal conditions. 
From the ratio of active to inactive phosphorus, it was found that (7-0 +4. 2) x 10° g. of 
phosphorus per cm.” were deposited. The plate was then wetted with sodium at 175°, 
washed quickly with water to remove the sodium film, rinsed in pure acetone, and dried in 
hot air; all the activity was retained on the plate. The latter was then dissolved in dilute 
hydrochloric acid, and sodium phosphate added to the solution. The total phosphate 
was precipitated as magnesium ammonium phosphate, and all the activity was found in 
the precipitate. Since these conditions are not such as to convert phosphide, phosphite, 
etc., into phosphate, there is little doubt that the phosphorus was deposited on the metal 
surface during electropolishing as an orthophosphate, and the radioactivity measurements 
indicate a film thickness of 1000 -+- 300 A. 

Reaction of Sodium with Anhydrous Zinc Phosphate.—-Pure anhydrous zine phosphate, 
shaped into thin blocks, was immersed in liquid sodium at various temperatures. The 
observations are collected in the annexed Table. The critical reaction temperature coincides 


Fused Zn,(POQ,), sintered Zn,(PO,), 
~ -y A 
Observation Temp Observation 
No wetting by sodium; Zn,(PO,), 162 No wetting by sodium 
block gradually became black No reaction, but block gradually 
Vigorous reaction: block disin- blackened 
tegrated 162 ye visible reaction, but slower 
Vigorous reaction than with fused Zn,(PO,), 
162 Reaction becomes more vigorous 
with increasing temperature 


with the critical wetting temperature for zinc metal in sodium. Analysis of reaction 
products showed the reaction to be 


160° 
6Na + Zn,(PO,), ——® 32Zn + 2Na,PO, 


The darkening in colour of the zinc phosphate block below 160° probably results from 
penetration of sodium into the block, The anhydrous sodium phosphate produced above 
160° is not rapidly soluble in water, since it was not removed on washing the plate in 
water after the tracer experiment. 

Mechanism of Wetting.—Below 160° the zinc phosphate film does not react ; since 
wetting eventually takes place in spite of this, we must assume that diffusion of zinc atoms 
or ions through the film takes place, and that complete wetting only occurs when sufficient 
zinc has migrated through the film to give a continuous layer of the compound Zn,,Na. 
Tammann ™ observed that diffusional mobility in salts became appreciable when the 
absolute temperature reached half of the m. p. of the salt. Since the m. p. of zinc phosphate 
is about 900°, the temperatures used in these experiments appear to be low for normal 
diffusion, but this may be offset by the short distances involved, An Arrhenius plot of 
log (1/T,) (where T,, is time for complete wetting) against the reciprocal of absolute 
temperature over the range below 160° indicates an ‘’ activation energy "’ (EZ) of the order 
of 35 kcal. A similar value of E is obtained from the slopes of the linear parts of the 
wetting curves (Fig. 2). This might be the activation energy for diffusion of Zn** through 
a Zn,(PO,), film, and it is of interest to compare it with / 37-8 keal. for diffusion of Cu 
through Cu,0 #1 at 800-—-1000°, and E 73-7 keal. for diffusion of Zn** through ZnO 
at 800—-1370°.% 

The contact angle-time curves in Vig, 2 are also co tent with a diffusion mechanism. 
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Ihe compound Zn,,Na is the only one formed; we may suppose that intermetalli 
compound formation does not occur until sufficient zinc atoms have diffused to the surface 
since each sodium atom in the compound Zn,,Na is surrounded by 24 zinc atoms at 
the ver s of a “ snub cube,” !* this may require several atomic layers of zinc. Until 
this stage is reached, no wetting can occur. The time at which wetting commences will 
depend on diffusion rates, and should therefore be highly dependent on temperaturé 
When wetting commences, the contact angle changes linearly with time. The zinc metal 
urface is composed of crystal faces of different orientation, which react to differing degrees 
he thickness of the electropolishing film, and the ease with which zinc atoms diffuse from 
the crystal surface, will vary with crystal face. Wetting will not therefore commence at 
all parts of the plate at the same time, and the recorded angle is the mean of several angl 
vhich operate round the sodium meniscus. There was visible evidence for this hetero 
jus wetting, especially at the stage when wetting had just commenced 
Above 160°, the zinc phosphate film reacts on contact with sodium, and since the 
ict angle falls to below 20° within a few seconds of immersion (Fig. 1), this reaction 
is regarded as being completed almost immediately. A film of sodium phosphate will 
remain ince it is formed as a result of chemical reaction at the surface it may be lk 
cohesive than the zine phosphate film. The time (up to 10 min.) during which 6 falls to 0 
will represent the time ort mae for the migration of zinc through this new film. The plot 
if 1/7.) against 1/7 for this temperature range indicates an activation energy of 
ut & keal 
Wetting of Untreated and Abraded Zinc Plates.—Zinc plates which were untreat 
(1.0 t abraded or degreased, and exposed to the atmosphere for months) gave an in! 
contact angle near 180° in sodium at a temperature of 180 rhis angle decrea 
about 30° in 30 min., remained at that value for about 2 hr., and then increased s] 
the more in omplete is the wetting, the greater is the tendency for dewe tting to occur on 
prolonged immersion, When similar plates were abraded with emery paper the final 


ingle was 20°, and there was no evidence of dewetting rhe capillary grooves on the 


riyt 


urface caused by abrasion may contribute towards this rather lower contact angle.’ 
When an abraded plate degreased for 6 hr. in hot acetone was used, 6 was less than 30 
within 30 sec., and decreased to 0° within 10 min his behaviour is very similar to that 
observed with an electropolished degreased plate (Fig. 1), and there was again visual 
evidence of non-uniformity of wetting. Plates cleaned by reaction in aqueous hydro 
chloric acid or sodium hydroxide showed similar behaviour in sodium: wetting was not 
quite so rapid, 6 reaching 0° in 15 min 

ome measurements upon abraded and degreased plates over a temperature range ar‘ 

i be low 


lem perature 108 108 124 175 
f after 30 secs 24 39 38 18 
lime to reach @ { I 0-0 10-0 10-0 8-0 


In case the wetting time changes very little with temperature (in sharp contrast 
to the behaviour of the electropolished plates) and there is no evidence for a critical wetting 
temperature 

Mechanism of Wetting fhe difference in wetting behaviour between abraded and 
electropolished zinc results from the differing physical and chemical properties of zin« 
oxide and zine phosphate films. By direct weighing, the thickness of the zinc oxide film 
on abraded, degreased zinc at room temperature has been shown to be 65 A after 24 hr 
and 90 A after 100 hr.™ Electron diffraction indicates that a single crystal of zinc in dry 
iir at room temperature develops a film of zinc oxide 20-—40 A thick, which does not change 
ippreciably during 16 days. In the present experiments the zinc plates were abrad: 

hr. before use, so that the zine oxide film is probably less than 100 A thick 
iction between sodium and zinc oxide shows no evidence for a critical rea 


trand, and Akeroyd, /. Jnst. Metals, 1939, 66, 301 
1. Ph Radium, 1960, 11, 11 
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temperature. At 120° there was a slow reaction when a thin sintered zinc oxide block was 
immersed in sodium. The block became brown-black and changed to yellow on exposure 
to the atmosphere; this is attributed to sodium penetrated into the block. The reaction 
ZnO + 2Na—# Na,O + Zn occurs with a decrease in free energy of 12 keal.** The 
reaction proceeded a little more quickly with increase in temperature in the range 120-—200°. 

If the times required for complete wetting of electropolished plates above 160° (Fig. 1) 
ire extrapolated towards 100°, they indicate times for wetting which are much longer than 
the 8—10 min, actually observed for abraded plat Che diffusion of zine through the 
zinc oxide film can be the rate-determining step, and partial reaction of the film to give 
odium oxide will not eliminate this factor, since sodium oxide has an extremely small 
olubility in sodium at these low temperatures.*® The zinc oxide film is sufficiently thin 
for the Cabrera~Mott mechanism, which is inapplicable to the zine phosphate films, to be 
important here; in this mechanism the directional movement of cations across the film is 
enhanced by the electrical field set up by electrons which have penetrated the film by the 
“tunnel ”’ effect, and migration of zinc through the film would then be much more rapid 
than in the case of normal diffusion. The very smal! change in rate of wetting with tem 
perature indicates an activation energy of much less than 1 keal. This is in agreement with 
the activation energy (300 cal.) for the oxidation of zinc at room temperature, which is 
again a process involving diffusion of zine through very thin zinc oxide films 

Microscopical Examination of Zine Surface after Wetting with Sodium.—Sodium was 
removed by washing in water, and the plates were dried with acetone and hot air lo 
the naked eye the plates had a mat grey surface, but under the microscope crystals were 
observed; photomicrographs (taken by using a Vickers Projection microscope) are shown 
in big. 3 (a)—(d). A completely wetted zinc surface, completely drained on withdrawal 
of the plate from liquid sodium, was covered with a mat of small granular crystals about 
0-005 mm. across, but in places clumps of larger needle-shaped crystals up to 0-1 mm 
long and 0-005 mm. wide occurred (Fig. 3a). Both crystals appear to consist of zinc metal 
rhey have a bright, metallic appearance, which was unchanged when the plate was kept 
in a stoppered tube containing atmospheric air for six months, whereas the compound 
7n,3Na is grey and brittle, and reacts slowly with water and the atmosphere to give a coating 
of sodium hydroxide.!° However, the phase diagram !” indicates that the intermetallic 
compound, rather than zinc metal, crystallises from solution in sodium. We assume 
therefore that when the plates are washed in water, the compound Zn,,Na reacts to leave 
zinc metal without major change in crystal form; zinc atoms in the compound are 4- o1 
5-valent, whereas the valency of sodium is 1—1-25.)* Although the solubility of the 
compound in sodium is small,’ the crystals are considered to be formed by a process of 
olution of the compound as first formed, and its redisposition in one or other of 
the crystalline forms, as the plate cools on each withdrawal from sodium. In areas wher 
drainage is efficient, few clumps of needles are observed, but near the meniscus, or round 
an area of the plate not properly wetted, a ridge of liquid sodium is retained on the plate. 
More needles are then deposited, and the surface has the appearance shown in Fig. 3 (0) 

lig. 3 (c) shows the mat of small crystals (about 0-01 mm. long) which is obtained when 
the plate is wetted in either of two ways: by using either (a) high temperature and short 
immersion times (insufficient time has been allowed for the secondary process involving 
growth of large crystals at the expense of the small on or (6) long immersion times at 
low temperatures. In the latter case the velocity of both primary and secondary process 
will be reduced. by using electropolished plates which were only partially wetted [Figs 
2 and 3 (d)), the non-uniformity of wetting can be related directly with the differing 


behaviour of the film covering the crystal faces. Fig. 3 (d) shows three separate crystal 
Crystal A (not clear in the figure because of the necessarily shallow depth of focus) had 


resisted wetting; it was slightly etched, but retained the smooth surface formed by electro 
polishing. Crystals Bb and C had been wetted; the needles were mostly oriented in one 
lirection, which varied with the crystal face involved 
* Osborne, /. Melal Trans. A.I.M.E.) 1950, 188, 600 
Liquid Metals Handbook,”’ 2nd Edn., NAVEXOS | a3, p. 114; [ Govt. lrinting Office, 


Washington 1952 
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EXPERIMENTAL 
»dium Che purification of sodium was described in Part I. 
Preparation of Zine Plates,’ AnalaR ’’ granulated zinc was melted in a silica crucible and 
ast in a steel mould to form a slab which was then machined to 0-5 mm. in thickness. Plates 


»om 4 cm. were then cut from the sheet. Abrasion was carried out by rubbing with emery 
paper of decreasing coarseness (1-3/0), each grade being used in a direction at right angles to 
the previous one until all previous scratch marks were removed. Alkali-cleaned plate ere 


boiled for 1 hr. in n-sodium hydroxide solution, then washed with water, alcohol, and ether 
\cid-cleaned plates were immersed in 2n-hydrochloric acid for 30 sec., and washed as above 
Plates were electropolished in a bath of 62-5% absolute alcohol and 37-5% syrupy phosphoric 
acid at room temperature,” a current density of 1-67 amp., 
They were washed with water and acetone, and dried in hot air 
Preparation of Anhydrous Zine Phosphate.—de Schulten’s *® method, which involves heating 

inc phosphate tetrahydrate in boiling zine chloride, followed by extraction of the latter with 
water and dilute acetic acid, could not be repeated ; in 


sq. dm. at 2-6 volts being used 


each case the tetrahydrate was recovered, unchanged in 
analysis but in a different crystalline form, Th« 
anhydrous salt was prepared by heating the tetrahydrate 
in a silica boat for 3 hr. at about 900°. This gave a 
white sintered mass of the anhydrous salt, which fused 
on further heating. Weight loss on heating was 16-0 

Cale, for Zn,(PO,),,4H,O: 15-75%). Zine was deter 
mined as zinc ammonium phosphate, and phosphate a 
ammonium phosphomolybdate [Found: Zn, 50-5; PO,, 
51-5. Calc. for Zn,(PO,),: Zn, 50-9; PO,, 49-1%]. No 
trace of silicate was found in the product. The 


Argon 


deviations in the analyses indicate some slight de- 
composition, probably with the formation of pyrophos- 
phate, This occurs by sublimation of zine oxide from 
the anhydrous salt, since loss of phosphoric acid from 
the hydrated salt during heating would give discrepancies 
in the reverse directions. The zinc phosphate block 
were degreased before use, in the same manner as the 
zinc plates, by extraction with acetone, the latter being 
then removed by heating the blocks in a stream of argon 


Zine Oxide Bloch: AnalaR’”’ zine oxide was 
f trongly compressed in a pelle t screw press The ott 
linders so obtained were cut to the desired shape, and heated for several hours at 1000°, 


rhe resulting ivory-coloured product was not friable 

Reaction of Sodium with Zine Phosphate and Zine Oxide A stream of argon (purified as 
described in Part I) was passed through the apparatus (lig. 4) continuously during an experi 
ment. Solid sodium in the filter tube A was melted by means of Electrothermal heating tape 
Che liquid metal (about 10 ml.) was forced through the glass-wool filter plug in A, by pressure 
of argon, into the main tube B, which fitted closely into an electrically heated furnace ( lhe 
temperature was measured by immersing the thermocouple in the liquid metal. The block of 


reactant was attached, by crocodile clip, to the end of a brass rod which passed out of the tube, 
through a 1” vacuum coupling and a Wilson seal, During each experiment, the temperature 

reased at the rate of about 05° per min. The block was withdrawn, observed, and 
eimmersed at two-minute interval At the end of each experiment the sodium was poured 
from B through the B14 joint D into a cold steel mould It was then examined for reaction 


Reaction Products with Zinc Phosphate and Zinc Oxide After reaction with zinc phosphate, 


the products contained in a large excess of sodium were treated th absolute alcohol A grey 
bh] ilcohol-insoluble sludge remained, which gave a black powder on being haken with water 
This was metallic zine, and all dissolved with effervescence in dilute hydrochloric acid The 

extract contained sodium phosphate, and the quantities of sodium hosphate and zin 


ly 
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were respectively 96-5 and 82-5% of the theoretical yield After reaction with zinc oxide, the 
excess of sodium was removed by absolute alcohol \ very small quantity of black powder 


remained which gave positive tests for zinc. 
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295. The Occurrence of Triterpenes in the Aquifoliaceae and 
Ericaceae of Hong Kong. 
By H. R. Artuur, C. M. Lee, and C. N. Ma 


Of the Ilex species endemic to the Colony, six contain ursolic acid, but 
I. macrocarpa contains oleanolic acid (the first report of it from this genus) 
and J. pubescens contains both acids; Ithododendron farrerae contains cerin, 


previously isolated only from cork, and J?. westlandit contains a triterpenoid 
mixture which includes friedelin, epifriedelanol, and a new triterpene 


[HE compounds reported below have been isolated from plants of Hong Kong during a 
search for new triterpenoid compounds. 

The Aquifoliaceae of the Colony are confined to the genus //ex of which ten species have 
been recorded. The leaves of the eight available species are being examined for the 
presence of triterpenoid compounds, which occur as mixtures in all species except J. rotunda 
from which wrsolic acid was isolated without difficulty. Whilst ursolic acid has also been 
identified in J. asprella, I. cinerea, I. hanceana, 1. memecylifolia, and J, triflora, it has been 
hown that /. macrocarpa contains oleanolic acid, and /. pubescens a mixture of both acids. 
Ursolic acid has been reported before in //ex species ' but this is the first report of oleanolic 
acid from this genus. 

Regarding previous work carried out on the Ericaceae of the Colony, Arthur and Hui # 
howed that the leaves of all species contained ursolic acid and they * showed that the 
flavanone, matteucinol, was present in the leaves of Rhododendron simsti. Arthur * found 
that the leaves of R. farrerae contained the new flavanone, farrerol, but other species did 
not contain flavonoid compounds. 

We report here that cerin (previously isolated only from cork °) occurs in the leaves of 
R. farrerae and that friedelin, eptfriedelanol, and a new triterpene occur in a triterpenoid 
mixture from FR. westlandii. Since the new triterpene occurs in very low yield and we 
will not be able to obtain more of it we record in the Experimental section what information 


wt ilready pos S$es5. 


EXPERIMENTAL 

M. p.s of Aquifoliaceae compounds are corrected. All compounds have been characterised 
by mixed m, p. with authentic specimens, Analyses are by Dr. Zimmermann, Melbourne 
(lumina used was B.D.H., analysis grade, and the light petroleum had b. p, 60-—80°, 

Aquifoliaceae.—The dried leaves of all Ilex species were extracted with ether, Crude 
triterpene acid was isolated from the ethereal extract as stated by Arthur and Hui‘ for the 
isolation of ursolic acid from the Ericaceae, Attempted fractional recrystallisation of the crude 
acid from ethanol or methanol gave for some species crystalline acid of sharp m. p. which was 
identified by derivatives; from other species crystalline material was not obtained, In those 
cases the crude triterpenoid mixtures were acetylated, Fractional recrystallisation then 


1 Nooyen, Pharm. Weehkblad, 1920, 67, 1128; Mendive, /. Org. Chem., 1940, 5, 235; Kariyone, 
Hashimoto, and Tobinaga, J. Pharm. Soc. Japan, 1953, 73, 257; Kari ¢, Hashimoto, and Kiguchi, 
hid., 1949, 81, 313 
Arthur and Hui, /., 1954, 4683 
Idem, ]., 1954, 2782 
Arthur, / 1955, 3740 

inn. Chin 1815, 96 14] 
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© pure acetates which on hydrolysis gave the acids which were identified as pre 


of both acids gave in the Liebermann—Burchardt test a red > violet —» bluc —» 


sample of oleanolic acid was analysed (Found: C, 79-2; H, 10-7. Calc. for 
H, 10-6%,) {acetate (Found: C, 77:1 H, 10-0 ae, FG, ¢< 
H, 10-1; 1lAc, 8-8%)) and likewise ample of ursolic acid (Found: ¢ 
acetate n C, 77-7: H, 10-3¢ Other « 
lable 


ale 1o1 
xperimental result 


M. p ~~ > win 4 
of acid f j ot of 
vac acctat cetate 
246—285 291—292 
286 2355 291 
285—-288 280-— 290 
Ole 309-——311] 266——267 
Ursol 285—286 286-—287 
- 287—289 291—-292 
Oleanolx« 309-——310 264 —266 
Ursolic 287—-290 66 
4 287—289  289—290 66 
1eOH CHC], 1) t In CHC], inters at 107-112 


wed fa) Khododendron farrerae. Dried leaves were extracted with ether 

10 and the ethereal extract was evaporated to drynes dark green residue was boile« 
vith methanol to remove ursolic acid and farrerol he almost colourless methanol] 

fraction (8 g.) which remained was recrystallised several times from pyridine and th« 
from benzene. Colourless needles of cerin, m. p, 256—258°, (a)* 41-1] 0-71 in pyridine 
(Found ( 81-6: H, 11-5 Cale. for Cal 5,92 C, 81-4 H, 11-4° ‘ 


were obtained 
{r pec trum of this sample in the range 900 1350 cm.“ 


vas identical with that of 
acid cerin gave friedelindioic a 
288° (decomp.; vac.) (Found: C, 76-3; H, 10-5. Calc. for C, wO,: C, 76-9; H 
aracterised as dimethyl ester, m. p. 176-177 10-9; OMe, 11-2 
H,,O,: C, 76:4; H, 10-8; 20Me, 12:3% rther characterised as t! 
ophenylhydrazone, m, p, 254 (decomp ) : for ( sett se! YeNy 
oxime, m, p. 272-276° (Found : C, 78-6 : ’ for CygH,,O,N 
H, 11-2; N,3-1% 
ododendron westlandi Dried leaves (11:5 kg vere 


emperature and the e> ict was concentrated in 


ample On oxidation with chromic oxide in acetic 


extracted with light petroleum 
tages until coarse colourless crystal 
parated hese crops were combined and recrystallised from chloroform, giving 
plates (15 g.) of epifriedelanol, m. p. 277-278" (v: ~ 18-1° (c 0-99 in CHC] 
C, 84-6; H, 123%. M, 425. Calc. for C,,H,,O H, 122%; M, 429 
wol, which gave a pink » purple ~ brown color the Liebermann—Burchardt 
is characterised by conversion into the acetate ( line and acetic anhydr 
rated from benzene in plates, m. p. 201-292 ‘ 15-0° (c 0-32 in CHé 
2-0; H, 11-7. Calc. for C,H,,O,: C, 81-6; A The acetate resisted 
in boiling solutions of potassium hydroxide in ethan 


iric~chromic acid, although the acetate group w 


| ] 


nethylene glycol, and alse 
as shown to be present by infrare 
The benzoate (prepared with benzoyl] chloride and pyridine 
lin plates, m, p, 251-—-252° (decomp.) (vac 


; A D 
H, 10-6. Cale, for Cy,H,,O,: C, 83-4; H, 10-6% 


eparated from benzen 
1:32 in CHCI1,) (Fou 
Friedelanol was converted 
ioic acid, m, p. 286° (decomp.), by chromic oxide in acetic acid, and in stabilised 
s ef al.*) into friedelin which separated from benzene in needles, m p. 259—-260 
27:3° (¢ 0-39 in CHCI,) (Found: C, 84-6; H, 11-9. Cale. for C,,H,,0: C, 84-4 
Friedelin was characterised by conversion into friedelanol, 
0-07 in CHCl,), by the method of Drake and Campbell? and into 
ophenylhydrazone, m, p. 291° (decomp vac Found C, 71-4 H, 9-1: N 
ti sg, ( 71-2: H, 9-0; N, 9 2%) epiFrie lelanol methyl ether was prepared 
friedelanol (3-0 g.) with methyl iodide (500 ml.) and silver oxide for 35 hr 
from chloroform of the residue obtained after removal of methyl iodid 


iol, The chloroform mother-liquor was evaporated to drynes ind the 
! 


m. p. 297-—298 


Lem [., 1953, 2555 
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d in light petroleum hed over alumina, benzene 
tions contained e¢/ friedelanol t later ictions on recrystallisation from 

ted needles of the methyl ethe n , 220°, [a 2 214 0-49 in 

C, 84-8; H, 12-0. C,,H,,O require 12-3° 

juor of the original petroleum « rom the plant removal of ep 

mcentrated and the colourl rystalline m ire (27 g.) which separated was 

ht petroleum solution w raphe« n alumina, light petroleum 

ng used as eluant rhe first fraction (0-1 rystallisation from light petroleum 

depo d 1] fa substance, m. p. 201-——203°, ~ 0-11 in CHCI,) (Found: C, 85-1 

H, 11-7 he requires C, 84:8; H, 11-4 quires C, 84-4; H, 11-8° Like 

$-amyrin, thi mpound gave a deep red colour Liebermann~—Burchardt 

lepressed the m. p. of the former by 32°, and was reco unchanged after 

ind pyridine, It was isomerised by boiling ethanoli 

1 fraction (1-0 g.) from the column, obtained 

gave on recrystallisation 

0-34 in CHCI,) (Found: C, 

i-dinitrophenylhydrazone, m 

for C,,H,,O,N,: C, 71-2; 

C, 81-4; H, 11-7; N 
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ind chr 


I with 


o 


ifter 


test but it 
# hours’ boiling in 
inh ydride hydrochloric acid 
elution with light petroleum 

friedelin 


from benzene needle m. p. 248-—252°, 
84-6; H, 11-8 for C,H,O: C, 844; H, 
. p. 288° (decomp Found: C, 71-6; H, 8-9; 
H, 9-0: N, 92 n n. p. 302-303" (decomp 

, 34. Calc. for CygH,,O} , 32%) 
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Part XI.* 


The Phenylation 
of Toluene, Ethylbenzene, and isoPropylbenzene. 
B. W. PENGILLY, 


} 
al : LsAl I 


ro H. WILLIAM 


phenylation 


; 


rtial rate factors are 
propylben zene 
phen ylati 


determined 
by an analysis 
mixture 


roportions of the 


he of ethylbenzene 


the compe titive 


formed in 

of them with | trobenzene and (b) pyridine. The 

isomers formed in the nucl ' 

mounts of the products derived from nu 

etermined by infrared spectroscop\ 
{ ¢} 


ind the re ] itive 


i ide-cl attack, are 
he partialr f ivibenzene 
i0se for toluene, and those for propy ne are similar t 
tevt the determination I 


‘ 


butylbenzene, 1a8 been reported 
| Lhe existence of a steric effect which inhi ubstitution 
propyl group is thus revealed \ rei 

phenylation of toluene show 


in the side-chain } iodification of the 
tors previously reported for tl lation ¢ luene Phe 
ignificance of these results is disc 


the products obtained in thi 
and with toluene, 


ovth 
ation of the by product 
the presen ‘ 


: dibenzyl, resulting 
ind necessit mal 


reaction 
enzene and the determination « 
, was reported in P 


. on the sid 


f 
ib Ul 


of benzoyl peroxide with tert 
the partial rate factors for the 

d VIII of this series. In 
chains of 


‘yibenzenes was briefly discusse: 
atoms in the side-chain of tert 
ide-chain of tolue 


on that of ter 


these compound 


| ibility of attacl 
of a-hydrogen 
the 


int 


| 
butylbenzene, and their low 

ne, results in very | tack on the side 

butylbenz benzo f 


cide 


chain of 
/ 


allowed 


Hey, Pengilly, and Williams 


e in solutions in these solvent The side-chain of ethylbenzene and of isopropy! 
on the other hand, much more suse | tible to free-radical attack 
the form of the abstraction of an «-hydrogen 
ibsequent dimerisation of the radicals so formed. These radicals are, like 
radical, considerably stabilised by resonance, and their consequently low 
demonstrated by their inability to effect substitution at aromatic nuclei. Th 
tly, sufficiently stable to exist in solution in concentration 
to take place Thi property of radicals analogou 
the production of 2 : 3-dimethyl-2 : 3-diphe 
has long been regarded as a t 


is known to be 
it of toluene This attack takes 


1 +} 


high enough to ena 
to benzyl is well know 
ane (dicumyl) from 
t for the incidence of homolytic mechani 
apparent that a complete account of the phenylation of these two hy 
a knowledge of the reactivity of the side-chain compared with that of 
the specification of the reactivities of th 
rs. Measurements are therefore 


ve amounts of the produ ts derived from 


amounts of the products derived from 
d the reactivities 


nuclear positions in tern 
’ , 


reported sent communicat 


n and nuclear attacl 
ubstitution at the various nucl 
of the compounds towards nuclear attack compared w 
In this manner, complete specificatior 
ty of ethylbenzene and isopropylbenzene towards attack by phenyl radical! 
ible and comparisons can be made among the members of the series of alky!] 
n order to discover the effects of various alkyl groups on homolytic reactivity 


the above determinations, namely, that of the relative amounts of side-chain 


atta 1 and nuclear reactions are of the 


mmpounds, nitrobenzene and pyridine 


Ol 


k, is of significance only if the side-chair 
order, for, if they are not 


the amount of side-chain attack must depend on the 
benzoyl peroxid [he non lep ( nee of th 
ittack on the concentration of benzoyl peroxi 


i 


relative amount | 


‘ 
Ol Mf 


demonstrated for t] 
olutions of diff 


:, 
yibenzene, where the same result was obtained 


lso demonstrated (see below) that the ra 


al 1 attac! the 
the nuclear 


and side-chain reactions wi 


nted by schemes (1) and (2 


sali} ( 1sopro 
2) respectively 


& PhO HyCh 
& C,H CM 
»H,CMe,* —— C,H CM 
of the “ stead: tat reveals that 
as that which govern 


1s scheme (1), namely, that the rate of for 
is proportional to the cone ne and the 


treatment to 


ntrations of isopr 


tion to the product of nuclear and side-chain 
umably by oxidation of ethylbenzene and tsopropylb« 
ng agent in this side-reaction is not benzoyl peroxide, because almost all th 
d is accounted for by the amounts of the products formed from nucl 
ittach rhe oxidising agent is therefore probably oxygen, since the re 

at 


ted in an inert atmosphere Che aerial oxid n of ethylbenzene hi 
kmerson, Heyd, Lucas, Cook, Lyness, and 
ydroperoxide C,H,*CH(O*OH)-CH, was fi 
into two free radicals (1-phenv!icthox, 
reaction with more ethylbenzene, 
Phe 


ome acetophen 
the reactions, pre 


on,” who suggested tl 
| that this decom 
either of which 
ld kk the formation of 


couida 
formation of acetophenone by the atmospheric oxidation of tsopropy! 
ted on a number of occasiotr ee, for example, Pines, Kvetinskas, a 
an analogous manner 
report by Rondestvedt and Blanchard ® of the phenylation of toluer 
Mel P 


y, at ry r. Che 1945, 10, 401 
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ethylbenzene, and tsopropylbenzene, the presence of dibeny! and of a small amount of an 
unidentified substance believed to be dipheny! (or diphenylmethane) in the product of the 
reaction of benzoyl peroxide with toluene, is reported. This is now confirmed by a 
re-investigation of the by-products of this reaction 


EXPERIMENTAL METHOD 

Preparation of Reagents.-——Unless otherwise stated, the light petroleum used had b. p. 60-—-80°, 

| all solids were recrystallised to constant m. p 

Benzoyl peroxide (May and Baker), nitrobenzene, and pyridine were purified according to 
the procedures described in Part II,* and nitromethane according to that described in Part IV.’ 
Ethylbenzene and isopropylbenzene (B.D.H.) were washed with concentrated sulphuric acid 
until the washings were colourless, then with aqueous sodium hydrogen carbonate, and with 
water, and dried (MgS5O,); the pure hydrocarbons were obtained after distillation from sodium 
through a 6-foot, helix-packed column (b. p.s 136°/760 mm. and 152°/760 mm, respectively). 
Specimens of 2-ethyl-, 3-ethyl-, and 2-isopropyl-diphenyl were kindly supplied by Drs. I. A 
Goodman and P. H. Wise of the National Advisory Committee for Aeronautics at the Lewis 
Flight Propulsion Laboratory, Cleveland, Ohio, U.S.A. 4-Ethyldiphenyl was prepared from 
4-acetyldiphenyl, which was prepared by Ferriss and Turner's method 8 from acetyl chloride and 
diphenyl. The 4-acetyldiphenyl (2-6 g.) was reduced by Huang-Minlon’s modification ® of the 
Wolfi—Kishner method ; it was heated with potassium hydroxide (2-5 g.), hydrazine hydrate 
(1-8 ml.), and ethylene glycol (18 ml.) on a metal-bath at 230°, and water and hydrazine 
hydrate were distilled off until the temperature of the liquid reached 190°, The mixture 
maintained under reflux for 2 hr., then allowed to cool, It was extracted with ether 
ts were dried (Na,SO,). Evaporation of the ethereal extract and distillation 


was 
and the extrac 
yielded colourl crystals, b, p. 74°/10 mm. (1-85 ¢ rhese crystallised from aqueous methanol 
yielding 4-ethyldiphenyl, m. p. 35° (Mowry, Kenoll, and Huber™ reported m. p, 34-35 
4-isoPropyldiphenyl was prepared by heating p-isopropylbenzoic acid (Eastman-Kodak) 
under reflux with thionyl chloride, and the acid chloride so formed was distilled: it had 
138°/22 mm his was used to prepare di-p-isopropylbenzoyl peroxide by Hey and 
method." The peroxide {[m. p. 89° after crystallisation from methanol (Cooper™ 
f m, p. 98 6g.) was allowed to decompose in benzene (500 ml.) at 80°, and the product wa 
worked up by the standard procedure (Part II* Distillation yielded 4-isopropyldipheny! 


b. p. 134°/3 mm.; this oil was further purified by fractional freezing, to give pure 4-isopropyl 


I 
diphenyl (2-9 g.), m. p. 11° (Found: C, 91-6; H, 84 Cale. for C,,H,,: C, 91-8; H, 82° 
Rondestvedt and Blane hard® reported b p 110—-112°/1 mm., ny 1-5831 for 4 tsopropyldiphen yl 
3-Nitrodiphenyl ™ was reduced catalytically in benzene solution with hydrogen at 1 atm. in 
the presence of Raney nickel. The amine was obtained as the hydrochloride (93%). 3-Iodo 
henyl was prepared from 3-aminodiphenyl hydrochloride by diazotisation with sodium nitrite 


diphen 
and reaction of the diazonium salt solution with potassium iodide 
yellow solid, m. p. 25°, b. p. 146°/1-5mm., in 57% yield. Cadogan, Hey, and Williams “ reported 


It, was obtained as a pale 


m. p 26-5". 
3-isoPropyldiphenyl was prepared from 3-isopropenyldiphenyl, which was prepared by Mowry 
Dazzi, Renoll, and Shortridge’s method ™ by adding 3-iododiphenyl (22-4 g.) in dry ether (46 ml 
slowly to magnesium turnings (1-94 g.) and ether (46 ml.) in a flask equipped with a@ stirrer 
and a double-surface condenser. Initiation of the reaction proved difficult, but was effected 
by a trace of ethylmagnesium bromide. When : » 3-iododiphenyl was complete 
the mixture was boiled under reflux for 1 br \ K,50O,) acetone (7 ml.) and 
eth 35 m was then added at such a rate as to maintain gentle boiling The mixture wa 
illowed to boil under reflux overnight. Saturated ous ammonium chloride (60 ml.) wa 
then added wit tirring, and when hydrolysis was complet he aqueous layer was 
everal ft with ether, and the extracts were combined with the main ethereal layer 


extracted 


d, Hey, and Williams, J , 1952, 2004 
d, Cadogan, Hey, and Williams, /., 1953, 3412 
‘ ind Turner, /., 1920, 1140 
Huang-Minlon, /. Amer. Chem. Soc., 1946, 68, 2487 
Mowry, Kenoll, and Huber, ibid., p. 1105 
1! Hey and Walker, /., 1948, 2213 
a ( per, J/., 1951, 3106 
Elk hiaw ti ind He y, } pe 1940, 1284 
Mowry, Dazzi, Renoll, and Shortridge, J 1048, 70, 1916 
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) of the ether yielded impure 2-(3-diphenylyl)propan-: 5D 
boiled under reflux with acetic anhydride (19-5 ml é After remov 
id and the excess of anhydride by fractional distillation under reduced pre 
irefully fractionated The first fraction (b p. 1385—150°/14 mm.) con 
nd the second (b. p. 160—-177°/14 mm.) of crude 3-isopropenyldiphenyl 
d, yielding 3-isopropenyldiphenyl, b. p. 167—-170°/14 mm. (3-8 g.) (Mowry, 
rtridge* reported b, p. 160—161°/12 mm.). 3-isoPropenyldiphenyl (: 
ic acid (30 ml.) was hydrogenated catalytically with Adams catalyst 
tical qu intity of hydrogen at room tem perat ire and atmo pheri pressure 
tilled three times, yielding 3-isopropyldiphenyl, b. p. 80 
ind: C, 91-4; H, 84. Cale. for C,,H,,: C, 91-8; H 
reported b p 110 115°/1 $mm,, 7 | 5807 
metbhyl-2: 3-diphenylbutane (tetramethyldibenzy], « 1yl) wa prepared 
eroxide (Kharasch, McKay, and Ur An ethereal solutix 


izene and acety!] 1 
le was prepared by Gambarjan’s method. ( 35 was added slowly 


re of acetic anhydride (18 g.), ether (100 ml.), an lium peroxide (10 g.) at 
mperature reached 0° the mixture was kept at this temperature for 2 h1 
inted off Calcium chloride was added to the ethereal layer and the 
5) After filtration, the ether was removed from the filtrate by 
temperature, while a little tsopropylbenzene was added to ensure tha 
yl peroxide was deposited lhe resulting solution w: ulded dropwise to 
yibenzene (250 ml.) on a steam-bath After the ition was complete the « 
zene, together with the acetic acid formed, was removed by distillation, a 
nder reduced pressure [he fraction of b. p. 125-—-128°/0-7 mm 
yl-2 ; 3-diphenylbutane (2 g.), which crystallised from methanol 
ch, McBay, and Urry? reported m. p. 115 
lbutane, in both its racemic and its » orn prepared by a simila 
th ethylbenzene and acetyl peroxide at 100 1 | luct was distilled at 0-5 mm 
| 0-2 3-diphenylbutane were eparated it of the mixture wit! 
vYhich the meso-form is almost insoluble | metl olic solution of racen 
lbutane was distilled, and the fraction of b. p mm, was twice redistill 
emic 2: %3-diphenylbutane as a colourless « | mm,, nn 1-5495 
McBay, and Urry ?* reported b. p. 106°/2 mm + ) is form Phe me 
lbutane was purified by crystallisation (m 2 rom tromethane (Kharasch 
rry* reported m, p. 123-125 
f the L:xtent of Side-chain Attack and the Rat l mevic Ethyldiphes 
enviation of kthylbenzen Benzoyl per xide ; illowed to decomy r 
214 ml.) in a thermostat at 80° for 80 hr Vhen the reaction was complete 
is removed by extraction with saturated sodium hydrogen carbonate solution 
then worked up by the standard procedure de “cd Part 11.6 In Expt 
ride (60 ml.) was added to the mixture after ion, and the lowest-boilir 
| 80°) from the first distillation, containing yn tetrachloride and 
med in the reaction, was collected separately [his fraction was treated 
neentrated sulphuric acid (10 ml.) and fuming nitri id (10 ml 
m temperature When addition was complete tl mixture 
on ice (25 g.) lhe crystalline product formed w filtered off 
ied Crystallisation from aqueous ethanol gave » itrobenzene (0-87 g 
p. 90 rhis is equivalent to 0-40 g, of benzene cduaryl fraction from 
ully distilled under reduced pressure into two fractio1 he second fraction 
mm.,, consisted of a mixture of diaryls, The first fraction, b. p. 20—60°/0-3 n 
shown by infrared analysis not to contain any ethyldiphenyls or 2: % 


! 
; 


13 were ti wit dium I en sulphite lu 


is identified as acetophenone (semicarbazone, ™. | id mixed m. p. 201—-202 


; from « 


Ww ifter 
consist of ethylte 


I 
9 ” 
0 
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ABLE 1. Products obtained in the phenylation of ethylbenzene. 


Experiment 
ction (b. p. 70—100°/0-2 mm.) (g.) 
idue (b, p 120°/0-3 mm.) (g 
Free | 1°CO,H g.) eee 
Ph-CO,H from hydrolysis of esters (g.) 
otal Ph-CO,H (g.) ory vee 
Benzoyl peroxide accounted for (neglecting resid 
2: 3-Diphenylbutane was separated from the other compounds present in the diary! 
tion (racemic 2: 3-diphenylbutane and 2., : nd 4-ethyldiphenyl) by fractional crystal 


from nitromethane, in which meso-2 : 3-diphenylbutane is only sparingly soluble. Its 


p. (128°). The weights of meso-2 : 3-diphenyl 
tane obtained from experiments I, 2, and 3 were 0-532, 0-545 and 0-536 g. respectively. 


was confirmed by its m Pp and mixed m 


hic analysis of the diary] fractions after treatment with nitromethane was carried 
ibb-Parsons single-beam instrument fitted with an automatic pen-recordet 

is used as solvent, since it has no bands in the range 11—-15 my, where the 

tic bands of the ethyldiphenyls occur Phe sj i were recorded by using a 130 my 

ult cell with a speed of wave-length scanning and slit opening such that the energy of 
mission recorded for the pure solvent was nearl) nstant over the required range. Cali 
ration spectra were recorded for 2-, 3-, and 4-ethyldiphenyl and for meso- and racemic 2 ; 3-di 
nylbutane, and measurements on the spectra of mixti or analysis made at the following 
icteristic absorption maxima: 2-ethyldiphenyl, 747 cm.'; 3-ethyldiphenyl, 806 cm."! 
iyldiphenyl, 842cm,"". These measurements en he concentrations of these isomeride 
alculated [he concentration of racemic 2: 3-diphenylbutane was then obtained by 
rhe accuracy of the determinations was te y preparing mixtures of the three 


phenyls and racemic 2: 3-diphenylbutane | cnown concentration in nitromethane 
» were analysed by the infrared method and the ts obtained are given in Table 2. 


TABLE 2. Analysis of mixtures of ethyldiph ind racemic 2 : 3-diphenylbutane 
Solution Solution 52 


Known ‘ tis Known Composition 
composition (% id / composition (%) found ( 
23 21 
30 33 
17 17 


yhenylbutane 4: 30 20 


lhe analyses of the products from reactions lI, 2, a 3 are reported in Table 3 Dannley 


ind Zaremsky have reported the formation of 50% of 2-, % of 3-, and 25% of 4-ethyldi 
url 


) 


eny?! in phenylation of ethylbenzene with benzoy! pet 


on the composition of the products, calculated m the data contained in Table 


the weights of meso-2 : 3-diphenylbutane, are given in Table 4 


» pe lrog raphe anal SéS of produc t of phen ylation of ethylbenzene 


or: m position by weight 


2-Ethyl 3-Ethy!l | Racemic 2: 3 
diphenyl diphenyl liphen diphenylbutane 
37°38 18°58 3 29-9 
19-8 ‘ 29-3 
19-7 29-7 


Composition of the product of reaction of « lhenzene with benzoyl peroxide 
ide-chain attack Com ti produ of nuclear attack (% by wt 
(% by wt 2-} Idiy 1 { Idiphenyl 4 yldipheny] 

19 

19 

20 

19 


hain lac} f : f Isomeric isoPropyldiphenyl 


nzene I nzoyl peroxide (6 g.) was allowed to 
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decompose in isopropylbenzene (226 ml.) in a thermostat at 80° for 72 hr. 


benzoyl peroxide (10 g.) and isopropylbenzene (150 ml.) were used 
fraction 


In expts 5 and 6 
Mixture 7 was the neutral 
of the product of expt. 14 (see below), one of the pyridine-isopropylbenzene « ompetitive 

After the reactions were complete the mixtures were worked up by the standard 
procedure, except that in expt. 4 free benzoic acid was removed a 


’ 


’ y 
Teacwu 


described for the reaction 
with ethylbenzene, and benzene was estimated as described for the reaction with ethylbenzene 
ind found to be 1-2 g. 
ind l 20 


‘ 


The determination of acetophenone was also carried out on this mixture 
vere isolated and identified as the semicarbazone (m. p. and mixed m. p. 201—202 
lary! fractions were solid, they clearly contained material other than the isopropy] 
these are all liquids, Careful treatment of these fractions with nitromethane was 
employed in order to separate them into 2 : 3-dimethyl-2 


2 3-diphenylbutane (dicumy]) 
d mixed m, p. 119°) and liquid fractions the analyses of which corresponded closely 

ilculated for isopropyldiphenyl (Found : C, 91-6; H, 8-4. Calc. forC,,H,,: C, 91-8; 
, and which was found by spectrographic analysis to contain only a small amount of 
ethyl-2 : 3-diphenylbutane, The results of these reactions are summarized in Table 6 


‘ 


Products obtained in the phenylation of isopropylbenzene 


Experiments 5 
Diaryl fraction (b p §0—120°/0-1 mm 
Residue (b. p, 5120°/0-1 mm.) (g.) 
Dimethyldiphenylbutane removed from diary! fraction (g.) 


) \&-) ; o° 3°30% 4-650 

2-366 

2-538 2-1¢ 0-807 

ree PhyCO,H (g eee vo 

Ph-CO,H from hydrolysis of esters (g.) 

Total Ph’CO,H (g.) . apea bine , 

Benzoyl peroxide accounted for (neglecting residue) (% 
rhe spectrographic analysis of the diaryl fractions after treatment with nitromethane w 

carried out by the method used for the reactions with ethylbenzene 

recorded fo 


as 
Calibration spectra were 
r 2-, 3-, and 4 isopropyldiphenyl and for 2: 3-dimethyl-2 : 3-diphenylbutane, and 
measurements on the mixtures for analysis were made at the following frequencies : 2-isopropy] 
diphenyl, 751 cm,“; 3-isopropyldiphenyl, 803 cm.!; 4-isopropyldiphenyl, 841 cm.” rhe 
concentration of 2: 3-dimethyl-2 : 3-diphenylbutane was obtained by difference. 
of the determinations was tested by the analysis of known mixtures of the three isopropyl 


diphenyls and 2: 3-dimethyl-2: 3-diphenylbutane. These results are given in Table 6. 


The accuracy 


PabLe 6. Analysis of mixtures of isopropyldiphenyls and 2:3 
dimethyl-2 ; 3-diphenylbutane 


Solution S53 Solution S4 


Known Composition Known Com position 
composition (% found (% composition (%) found 
renyl 28 y 39 
40 ‘ 30 
22 16 
}-diphen ylbutane 10 ‘ 15 


Spectrographic analysis of product of phenylation of isopropylbenzene. 


Composition ( by weight 


isoPropyl 3-isoPropyl 4-isoPropyl 2 : 3-Dimethyl-2 : 3 
diphenyl diphenyl diphenyl diphenylbutane 
25:8 33-0 22-4 18-8 
27-0 37-6 23-7 11-7 
25-1 36-3 21-8 16-8 
26-4 33-8 22-6 72 
Che analyses of the products from reactions 4, 5, 6, and 7 are reported in Table 7. Dannley 
ud Zaremsky “ have reported the formation of 10% of 2-, 60% of 3-, and 30% of 4-isopropyl 
liphenyl, and Rondestvedt and Blanchard * 29%, 50%, and 21% respectively, in the phenylation 
of tsopropyl benzene 
rhe results of the composition of the products calculated from the data contained in Table 7, 
together with the weights of 2 3-dimethyl-2 3-diphenylbutane re! 


oved in treatment with 
nitromethane (Table 5), are given in Table 8 


Dannl und Zaremsky, /. Amer. Chem. Soc., 1955, 
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ABLE 8. Composition of the product of reaction of isopropylbenzene with benzoyl peroxide 
Nucleas Side-chain Composition of products of nuclear attack (% by wt.) 
attack attack 2-isoPropyl 3-isoPropyl 4-isoPropyl 
Experiment (% by wt (% by wt.) dipheny! diphenyl 
i ‘ 63 : 40°7 
, 60 30°65 42-5 
6 38-5 61° 30°: 43-6 
7 58-5 d 40-8 
Mean 39° 60-5 42 


In view of the excellent agreement between the results of expts, 4-7, and the satisfactory 
results obtained in the analyses of synthetic mixtures (Table 6), the present results are considered 
to be more accurate than those of the earlier workers, A similar assessment may be applied 
to the results obtained with ethylbenzene (Tables 2 and 4) 

Determination of Puno, - Benzoyl peroxide (6 g.) was allowed to decompose in an equimolat 
mixture (200 ml.) of ethylbenzene and nitrobenzene in a thermostat at 80° for 72 br. The 
mixture was then worked up by the procedure described in Part VIII ” for competitive experi 
ments with mixtures of nitrobenzene and toluene, As in those experiments, three fractions 
the pre-forerun, the forerun, and the diary] fraction—-were retained from the final distillation 
All three fractions were analysed for the nitro-group by titration with titanous chloride and, a 
a check, for nitrogen by the micro-Dumas method. The pre-forerun (~3 g., b. p. 96°/20 mm 
consisted of pure nitrobenzene, thus showing that no ethyldiphenyls had been lost in the 
distillation. The forerun (b. p. 30—-80°/0-1 mm ) consisted of nitrobenzene together with some 
of the ethyldiphenyls. It may be safely assumed that the forerun contained no nitrodiphenyls, 

ince these were found not to distil until a temperature 40° above that at which the forerun was 
collected had been reached. The diaryl fraction (b. p. 80-——-130°/@-1 mm.) consisted of ethyl! 
diphenyls, nitrodiphenyls, and meso- and racemic 2: 3-diphenylbutane, The residue in the 
flask after distillation amounted to less than 10°, of the diaryl fraction and consisted mainly of 
tar not removed on the alumina column rhe results of these competitive experiments are 


ummarised in Table 9 


TABLE 9, 
Experiment 

Diaryl fraction (g.) . ‘ 
Ph-C,H,’ NO, in diary! fraction (%) 
Forerun (g seve coovees 
N in foreruns (%) .. 
Hydrocarbons in forerun (g.) . 
PhC,Hy NO, (g.) in diary! fraction 
Corr, wt. of diaryl fraction (g.) 
lotal hydrocarbons (g.) 
Ph-C,H,’C,H, (g.) ..... 
Free Ph’CO,H (g.). 
Ph-CO,H from hydrolysis of esters (g.) 
He 


peroxide accounted for (%) 


NZOY ] 
Phet 
Puno, / 


Pret 
Hence pio, / 


[he sum of the weights of 2-, 3-, and 4-ethyldipheny! formed was obtained from the total 
weight of hydrocarbon by correcting for side-chain attack, using the data given in Table 4. 

Determination of "KStiK.—In expts. 10 and 11, benzoyl peroxide (6 g.) was allowed to 
decompose in an equimolar mixture (200 ml.) of isopropylbenzene and nitrobenzene in a 
thermostat at 80° for 72 hr. The mixtures were then worked up and analysed by the procedure 
described above for the determination of »{NE‘K. The results of these experiments are 
ummarised in Table 10. 

rhe sum of the weights of 2-, 3-, and 4-isopropyldipheny! formed was obtained from the 
total weight of hydrocarbon by correcting for side-chain attack from the data given in Table 8. 

Determination of "PK and ™pEK.—In expts. 12 and 13, benzoyl peroxide (6 g.) was 
allowed to decompose in an equimolar mixture (200 m1.) of ethylbenzene and pyridine. In expts. 
14 and 15, the same weight of benzoyl peroxide was allowed to decompose in an equimolar 
mixture (200 ml.) of isopropylbenzene and pyridine. The products were worked up and 


Hey, Pengilly, and Willams 


nto neutral and basi frac tions as describec 


are summarised in Tables 11 and 12 


PABLE 10 
Experiment 


ct y 


ion (f 


VQ, in diary! fraction 


reTtun 
carbons in forerun (g 
wt. of diaryl fraction 
C,H NO, in diary] fraction (g.) 
tal hydrocarbons (g 
( all, Pr' (g 
PhCO,H (g 
he zoyl per »xide accounted for 
I deoVr J, 
NOs ° 


Hence WARK = 0-217 
uNOs 


PABLE 11 
Experiment 
ridine J M4 
diaryl fractio : ] 
idue (g.) 


iduc 


567 
0-129 
0-916 
0-76 

0-604 
2-133 


cor' x.) 
0-960 


, in neutral fraction (g.) 
2-75 

»xide accounted for 88 
1-19 


Hence PAK = 1-175 


PABLE 12 


i-xperiment 


pyridines (corr 
| diaryl fraction (cor f 
i,’ Pr' in neutral fraction 


j 

eny! 

t 
j 


he 


4 


I 


‘ 
Ph-CO,H 
Henzovl peroxide acc« 


I 
solr 
j a! 


Hence sha 4 0-83 


; 
ita r 
Lill 


it fethyl- andi propyl diphenyls formed were ol 
using the data given in Tables 4 an 


bon by correcting for side-chain attack, 
le (50 g.) was allowed to decompos« 


lucts in the Phenylation of Toluene.-—Benzoy] peroxi 

500 ml.) in a thermostat at 80° for 72 hr. and the diary] fraction of the product isolated 

The diary] fraction was treated with an equal volume of light pet: 

Che solid which separated was removed by filtration 

The solid (1:25 g.) was identified as dibenzyl (m. p 
»f the diaryl fraction, Since, in the 


lard procedure 
10-60") and cooled to BO”, 
vith cooled light petroleum, 
p. 51°) Phis comprised 13% of the weight 


mn of the ratio of isomerides reported in Part VIII” the 
should be corrected for the 


amount of 2-meth 


i the diaryl fraction was obtained by difference, this figure 
rmed as indicated above The corrected values show 13°%, of side-chain attack and 
lear attack, and the product of nuclear attack contains 66-5%, of 2-, 19-2% of 3 
of 4-methyldipheny] Ihe altered ratio of isomeric 
enylation and of the partial rate factor for the orth 


the para-position remain unaltered Che corrected | 


i change in the relative 


ion, although those for the 
ial rate factors are I 3°5 
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F.,, 1-0 ul 1-4 Che general conclusions draw neerning th partial rate factors are 
naltered by this amendment 

Consideration of the spectroscopic evidence r I 1 in Part VIII™ for the presence of 
the product of this reaction led to ; ! to isolate diphenylmethane 


ait henylmethane in 


from the diary! fraction of the product of the reaction cribed above, and also from mixtures 


made up to contain 2-, 3-, and 4-methyldiphenyl and dipher n ine Physical methods, 


distillation, chromatography, and fraction zing failed to effect the desired separation 


ynthetic mixtures, Oxidation with chromi followed by attempted isolation of 
enzo phenone its 2: 4-dinitrophenylhydrazone, also pr 1 uns actory Che only method 
which could be used successfully with the synthetic mixtures was that employed by Yost and 
Hauser,’’ which involves the metallation of dipheny lane wit tassamide and treatment 


I ut id 


of the resulting diphenylmethylpotassium with solid carben dioxide. Duiphenylaceti« 
3 precipitated by addition of hydrochloric acid, an ystallised from light petroleum, From 

a synthetic mixture containing 20% of diphenylmethane, 15 was recovered as diphenylaceti 
acid in this way \ sample of the diary] fraction of the product of the reaction of benzoyl pet 
oxide with toluene, however, gave no diphenylacetic acid when subjected to this procedure, and 
it therefore seems that the presence of diphenylmethane in it is unlikely rhe infrared absorption 
t 13-5 mu which was assigned to diphenylmethane is therefore probably due to the presence of a 
little dipheny vhich absorbs at 13-49 mu in nitromethane lution Diphenyl was previously 
reported by De Tar and by Hey, Nechvatal, and Rob yn 19 j > formed in the reaction of 


of the peroxide It therefore seems 


benzoyl peroxide with nitrobenzene at high concentrat 
not unlikely that dipheny] is also formed from high cor trations of benzoyl peroxide in toluene 
Che spectrun a synthetic mixture containing 2 nd 4-methyldiphenyl together with 
ibout 5 of diphenyl, showed that the observed orption could be accounted for by the 
presence of about this amount of diphenyl However to isolate diphenyl from the 
reaction product have failed. If the observed absorpt is in fact due to diphenyl, 
lependence of its formation on the concentration of benzoyl peroxide is easily understood, 

irly a greater probability of the collisior vo pheny! radicals under condition 

oncentration, especially since the present lver toluene, is relatively unreactive 


pine nyl radicals 


Discusst 


of the Side-chain.—The proportio { side-cl and nuclear attack by 
in the four alkylbenzenes so far in’ if ‘ follow 


ct of nuclear 
by wt 


benzene 
Butylbenzene 


bsence of attack on the side-chain of tert that the reactivity 


atoms of the side-chain is very lo hi not unexpected, since th 
which reaction of this type should gi f Vv Wie tabil ation by re onance, 


tability, compared with that of the radi resulting from attack in the 


must be very low Phe reactivity of the nydrogel itoms |! , howe ver, seen to 
| 


with increasing methylation of the «-posi notwithstanding their decreased 


them by methyl group Chis, again, 


h results from successive replacement « 
lue to the enhanced stability conferred on the radicals resulting from abstraction 
lrogen from the a-positions by the presence « cent methyl groups. Thi 


1 stability may arise from the hyperconjugation of the methyl group 
ments described above also throw some light on the mechanism of the reaction 


bstraction. Consideration of the results mi it possible to identify the 
is Tre pon ible for the ab traction ' droge nha the phe nyl radic al 
radu il ince. with both ethylbenz e and 1 ypropylbenzene, the 


in 
id formed 1 ross! T iccount for the number of 

iser, |. Amer, Chem 

1950, 72, 1028 

il, and Robinson, / 


Hey, Pengilly, and Williams 


benzoyloxy-radicals which must react in this way to give the observed amounts of the 
products derived from side-chain attack. On the other hand, benzene, resulting from 
hydrogen-abstraction by phenyl radicals, has been shown to occur in the products of 
reactions with ethylbenzene and isopropylbenzene. The work herein described shows that 
vith benzoyl peroxide 60-5%, of the product from itsopropylbenzene consists of 2 : 3-di 


‘ 


, : 3-diphenylbutane, while the remainder consists of products arising from nuclear 
ion. Neither in this reaction nor in the preceding reaction with ethylbenzen 
evidence be obtained of substitution in the side-chain 
[he results now reported are in complete agreement with a nber of observation 
reported from other laboratories, For example, in 1939 Cuthbertson, Gee, and Rideal *° 
discovered that the use of toluene as a solvent reduced the rate constant and degree of 
polymerisation of vinyl acetate, and they deduced that toluene was participating in the 
transfer mechanism. Other workers*)** have shown that little or no retardation occur 
pounds which do not contain «-methylenic hydrogen atoms, and thus it appear 
er radicals derived from the vinyl acetate must attack the methyl group of 


Jaquiss and Szwarc ™ studied the pyrolysis of benzyl benzoate in the presence of 
it 700° and inferred that the following reactions must occur 


Ph-CO-O’CH, Ph ——@ Ph’CO'O’ + PhCH, 
Ph-CO-O ——& Ph + CO, 
PhCH, +- Ph: > PhCH, + PhH 
2Ph-CH,: > Ph-CH,CH,P 


btained a yield of dibenzyl greater than could be explained by reaction (1) alone 
postulated the occurrence of reaction (3). More recently McBay, Tucker, and 
“4 have allowed acetyl peroxide and several dialky! peroxydicarbonates to undergo 


ition in toluene, and claim that a quantitative yield of dibenzy] is obtained w 


of toluene to radical source is large 
h, MecBay, and Urry av hown that methyl radicals derived from 


idily attack the alkyl group of ethylbenzene, abstracting hydrogen and yield 


icemic 2: 3-diphenylbutane in approximately equal quantiti Dannle 
| | 


if 


have recently reported that the decomposition of benzoyl peroxide in ethy! 
e a product of which 65°, by weight consisted of meso- and racemic 2 : 3-di 
itane, while the remainder was a mixture of the three isomeric ethyldiphen 
opylbenzene Kharasch, McBay, and Urry? claimed an almost quantitative yield 
imethyl-2 : 3-diphenylbutane in the reaction with acetyl peroxide. In th 
ition of benzoyl peroxide in isopropylbenzene, Dannley and Zaremsky * reported 
roduct contained 31°, of 2 : 3-dimethyl-2 : 3-diphenylbutane, whilst Rondestve: 
nchard ® reported a yield of 59% of this hydrocarbon. Dannley and Zarems! 
uuld appear to be low, since it is clearly out of accord with the results of othe: 
f, Table 13). In addition, Rondesyedt and Blanchard obtained a similar ratio o! 
de-chain attack when they employed N-nitrosoacetanilide and 3 : 3-dimethy] 
izen as sources of phenyl radicals. This further supports the view that pheny] 
one abstract hydrogen from the side-chain of the alkylbenzene when benzo\ 
is used as the source of radical 
sand Mayo* have studied the inhibition of the polymerisation of styrene by variou 
en ind noted that molecules containing « hydrogen atoms appreciably reduced 
veight of the polymer. They suggested that such molecules transferred 
itoms to the growing polymer radical, giving a substituted benzyl radical whic] 
urticipate further in the chain process, The transfer « tants C for this pr 
portional to the relative reactivities of the inhibitors, were measured and t 
60° are shown in Table 13 
thbertson, Gee, and Rideal, Proc. Roy. Soc., 1939, A, 170, 300 
11d Mayo, Diseuss, Faraday Soc., 1947, 2, 328 
Z., 1951, 10, 163 
nd Szwarc, Nature, 1952, 170, 312 
er, and Milligan, /. Org. Chem., 1054, 19, 1003 
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TABLE 13 
ompound ( ! Side-chain attack by Ph 
O-ls 
oO-6 


* Gregg and Mayo." 
yyman ** has examined the reactivity of alkylbenz ; towards trichloromethy! 
licals by a similar method. He measured thx ficienc' various hydrocarbons as 
retarders in the free-radical addition of carbon tetrachloride to cet-l-en The values for 
irious retarders of the quantity K,, which is proportional to the reactivity of the retarder, 
are also shown in Table 13. The general agreement between the three sets of figures 
recorded in Table 13, which arise out of three separate and independent investigations 
directed towards entirely different objectives, ic very satisfactory. 

Russell and Brown** have recently measured the relative reactivity of the side-chains 
of toluene, tsopropylbenzene, and tert.-butylbenzene towards photochemical chlorination, 
and have pointed out the close analogy between their results and those of Gregg and Mayo,™" 
and of Kooyman.™ 

Ratios of Isomerides.—In Table 14 the relative amou if the 2-, 3-, and 4-isomerides 
resulting from the phenylation of toluene, ethylbenzene, isopropylbenzene, and tert.-butyl 
benzene are compared with the relative amounts ot the ortho-, meta-, and para-isomerides 
resulting from the nitration of these hydrocarbons (cf. Ingold **) [he isomer ratios for the 
roy ylbenzene were measured by Brow: nd Bonner,?’? and those for the 

la 


itr ition if 4 TY 
101 I 180] 
tevt.-butylbenzene by Cadogan, He ind Williams 


I iterest that in both reactions the characteristic patterns of electrophilic and 
homolytic substitution, respectively, are shown by toluene and ethylbenzene, while in both 
reactions the proportion of the ortho(2)-isomer is drastically reduced when substitution is 
effected in the nuclei of tsopropylbenzene and fert.-butylbenzens rhis reduction has been 
attributed to the steric effect of the tsopropy! and fert.-butyl groups, which inhibits substit 
ution at the adjacent positions (Ingold ; *° Cadogan, Hey, and Williams ™), 

Partial Rate F actors.—The rate of nuclear phenylation of ethylbenzene, relative to that 


of benzene as unity, is given by pfngtK x "™AQK, 1.¢., 0-31 4-0 (cf. Part 11 ®) «1-24. In 


the same manner, the rate of nuclear phenylation of tsopropylbenzene, relative to that of 
calculated to be 0-87 rhe competitive experiments with mixtures of 


benzene as unity, is 
of eK and 


yyridine with ethylbenzene and with itsopropylbenzene lead to values 
nA Of 1-22 and 0-86 respectively [e.g., AA Pym ek 1-175 1-04 (cf. Part 
[1 *)|, thus confirming the values obtained by means of competitive experiments with 
itrobenzene. These relative rates indicate that the behaviour of ethylbenzene is akin 
to that of toluene, the overall effect being one of miid activation. 1soPropylbenzene, on 
the other hand, behaves like éert.-butylbenzen¢ teric effect producing an overall 
for the phenylation of ethylbenzene and 


deactivation of the nucleus. Partial rate factor 
the mean values 


opropylbenzene are calculated from the relative rates together with 


26 Russell and Brown, J. Amer. Chem. Soc., 1955, 77 


26 Ingold tructure and Mechanism in Organi can, New York, 


J] {mer Chen S06 1954 76 
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pectrographic analysis for the ratio of isomerides resulting from nuclear 


These factors, together with those obtained for toluene and fert.-buty! 
fart VII ') are given in Table 15. 


Paste 15. Partial rate factors for phenylation 
iy 
lene ‘ 1-4 
} thylbenz ne ! 41 
Propylbenzene } 1-41 
lert.-Butyl benzene ji: 1-41 


effects of the various alkyl groups on nuclear homolytic substitution are best 
| by consideration of the values of J',, since these must be free from any complication 
from steric effect This leads to the conclusion that, steric effects excepted, all 
ilkyl groups influence the course of substitution in the same way and to the sam« 
| that the degree of activation occasioned by them is, to a first approximation, 
ent of the alkyl group rhe theoretical implication of this result is either (a) that 
methyl groups are too remote from the aromatic nucleus for their influence to bi 
int, especially since no conjugation exists between them and the nucleus, or (/ 
cert a slight activating effect which is exactly compensated by the removal of 
lrogen atoms which their presence necessarily entail rhese a-hydrogen aton 
nucleus by hyperconjugation, and their removal therefore results in some lo 
It is not easy to make a decision between these two possibilities, but on 
b) seems the more likely explanation, partly on account of the inherent 
bability of the complete lack of any effect required by (a), and partly because the 
m of toluene relative to benzene suggests that the hyperconjugation of the «a 
oms in toluene is a real phi nomenon 

by Wheland 28 of atom localisation energies for substitution in toluene ar 

or comparison with these experiment Wheland calculated them for fre 
titution in toluene and, by substitution of these in the Arrhenius equation 

vartial rate factors are obtained 


F,=148 F,-003 F,=151 


izreement with experiment is good, especially since the predicted values depend 
tially on a small energy difference. Although no atom localisation energies hay 

for the remaining members of the series of alkylbenzenes, certain prediction 
be made by consideration of the electronegativities of the alkyl substituents. Wheland 


idered the generalised structure 


o account only the x-electrons. In the secular equations the electronegativiti 
urious atoms were represented by dimensionless parameters 8p, 34, 8,, 3, 

ne, if 84, 8,, and 8, are put equal to —0-3, —0O-1, and —0-01 respectively, and all 
uantities 8 are considered to be zero, the equations give rise to atom localisation 
hich give the above values for the partial rate factors for homolytic substitution 

e reasonable values for the partial rate factors for electrophilic substitution 

long the series of alkylbenzenes, there is a considerable change in the electro 
of the substituents, and this gives rise to considerably altered partial rate 
heterolytic substitution. In order to take account of this change the valu 

nd —0O-5 were used for the parameters 8, and 8, in Wheland’s equations for toluenc 
creased steric effect was accommodated by the introduction of an increment of energy 
0-02 keal. mole!) which was added to the atom localisation energy for the ortho 
on (he values were chosen so as to give a reasonable approximation to the experi 
urtial rate factors for the nitration of tsopropylbenzene. When they were used in 
equations for homolytic substitution the following partial rate factors were 


1 Amer. Chem, § 1942, 64, 900 
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hich correspond closely with the experimentally determined figures for iso 


derived w 
propylbenzene 
0-0 F, 1-51 


F, = 0-49 | 


hese values are in accord with the experimental result that free-radical substitution in the 
ly independent of the nature of the 


meta- and the para-position of alkylbenzenes is largely 


alkyl group 
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297. Homolytic Aromatic Substitution. Part X1I1.* Reactions with 
Phenyl lodosobenzoate. 

By D. H. Hey, C. J. M. Strrtinc, and GAretH H, WILLIAMS. 
[he decomposition of phenyl iodosobenzoate in nitrobenzene at 125° ha 
en Shown to result in the formation of a mixture of isomeric nitrodiphenyls 
Che proportion in which these isomers occur in the mixture has been shown 
ition of benzoyl peroxide in 

Chis fact, coupled with the 
associated with reactions of 
royloxy-radicals are 


*} 


ame as that arising from the de« 


to be the : 
at the same temperature 


ame solvent 
rrence of by-products of the type usually 
to the conclusion that benz 

losobenzoate, and that 


nolytic arylation, leads 
of phenyl tod 


} duced by the homolytic decompo ion | 
phenyl radicals result from the benzoyloxy-radicals by ioss of carbon dioxide 
Che anomalously high yield of benzoic acid which ace: 
phenyl iodosobenzoate with nitrobenzene has been 


rise from the hydrolysis of phenyl iodosobenzoate by the small amount of 
Phenyl iodosobenzoate has also been shown 


ympanies the reaction of 
hown most probably to 


ter present in the solvent, 
capable of effecting the carbon-carbon fission of the vicinal glycol, 


to be 
benzpinacol, by means of a non-homolytic mechanism 


ind BeuKer! have found that comp« of the type RI(O-CO-R’), (where 
alkyl) resemble lead tetra-acetate in their general reactions. In particular, 
ind effect the fission of vicinal glycol 
trinitrotoluene was converted 
These 


| 
ri 


i 


ars l, Ir’ 

they react with olefins to form glycol diacetate 
indin and McCormack # subsequently reported that 
into sym.-trinitro-m-xylene in 20% yield by pheny! iodosoacetate in hot acetic acid, 
iuthors recognised the analogy with the methylation of aromatic compounds with lead 
tetra-acetate,4 and suggested that phenyl iodosoacetate might un lergo homolytic decomposi 
Recently, 


sym 


tion to give methy! radicals in a manner analogous to that of lead tetra-acetate. 
n Parts VI 4 and X,° the reactions of lead tetrabenzoate have been investigated, and it was 
n that homolytic decomposition takes place in inert aromatic solvents at temper 
ibove 100° with the production of free phenyl radicals. In addition, the reaction of 
ion, and so to be 


iture 
ead tetrabenzoate with vicinal glycols at 15° was shown to result in fi 
1 not involve 


tinct from the high-temperature decomposition and 
wears to have been carried out on phenyl iodosobenzoate as 
In the present communication the reactions of pheny! iodosobenzoate 

of benzoy! pe roxide and lead 


quite di free radicals 

No work ap} a. potential 
nylating agent 

tigated with reference to the kn« 


wn reactior 


Ve hee mn inve 
tetrabenzoate 
Si, preceding paper. 
and Beuker, Annalen, 1939, §41, 218 


n and McCormack, /. Amer. Chem ( 
Clapp, and Daudt, ibid., 1942, 64, 2052 


tirling, and Williams, /., 1954, 2747 


1955, 3963 


legee 


eT 


Hey, Stirling, and Williams : 


yl iodosobenzoate was first prepared by Arbuzov.® In 1949, Richards 7 described 
f phenyl iodosobenzoate and other phenyl! iodosoacylates as catalysts in addition 
isation. It is now shown that the decomposition of phenyl iodosobenzoate in 
\itrobenzene gives rise to nuclear phenylation, a mixture of the three isomeric nitrodi 
phenyls being obtained. The composition of the mixture has been determined by ultra 
violet spectroscopy and the results are in very close agreement with those obtained in similar 
reactions with benzoyl peroxide and lead tetrabenzoate.4 The phenylation of pyridine with 
pheny! iodosobenzoate has been reported in Part X.5 Thus it is clear that the phenylating 
action of phenyl iodosobenzoate is closely analogous to that of benzoy! peroxide, lead tetra 
benzoate, and the various diazo-derivatives discussed in Part I by Hey, Nechvatal, and 
Kobinson.* At temperatures above 100°, phenyl iodosobenzoate undergoes homolyti 
decomposition to liberate benzoyloxy-radicals which, by subsequent decarboxylation, 
ide pheny] radicals 
lhe decomposition of phenyl iodosobenzoate has been shown to afford an anomalously 
high yield of benzoic acid (1-43 mol./mol.) in nitrobenzene. Free benzoic acid can arise in 
the decomposition in only two ways: (1) By combination of a benzoyloxy-radical with a 
free hydrogen atom which has been liberated from the nitrobenzene nucleus during 


ibstitution by a benzoyloxy or phenyl radical 


Ph: or Ph-CO-O: + ArH ——» Ph-Ar or Ph-CO,Ar 4- H- 
H: 4 Ph:CO-O- —» Ph-CO,H 


attack of a free hydrogen atom on phenyl iodosobenzoate 
Phi(O-CO’Ph), + H» ——t Phi +. Ph-CO-O: -+- Ph’CO,H 


inisms involving the abstraction by benzoyloxy-radicals of nuclear hydrogen 
the aromatic solvent are not tenable, since in the case of nitrobenzene, for 
process must yield an amount of dinitrodipheny! equivalent to the benzox 

| by this mechanism 


Ph:CO-O- + Ar-H > Ph’CO,H + Ar: 
Ar’ Art —> ArAr + H 


corresponding to Ar‘Ar were formed in any of the reactions studied. 
free benzoic acid can therefore arise only by mechanisms (1) and (2), its molar 
| ideally be equal to the sum of the molar yields of diaryl and “ ester "’ benzou 
obtained by hydrolysis of the products of substitution by benzoyloxy-radical 
iny case, should not be greater than unity. In the decomposition of phenyl iodoso 
ate, however, the molar yield of free benzoic acid is 1-43, while the sum of the molar 


elds of nitrodiphenyl and “ ester ’’ acid is 0-50. The following possible sources of benzo 


the decomposition and subsequent working-up have therefore been checked and a 

explanation of the anomaly has been found. 
complete decomposition of the reagent with subsequent hydrolysis of undecom 
ng material: The fact that decomposition was complete was readily established 
for phenyl iodosobenzoate with starch—iodide. Negative results were obtained 
case and, moreover, an increase in the period of heating did not affect the yield of 

I if id 

Formation of benzoic anhydride: Lippmann ® has implied that benzoic anhydride 
d in the decomposition of benzoyl peroxide in “ amylene.” In order to account 
logous basis for the yield of benzoic acid formed in the present reactions, any 
anhydride produced in the decomposition of phenyl iodosobenzoate must be 
ed during the extraction of the free acid. It has, however, been shown that benzoi 


/. prakt. Chem., 1931, 131, 357. 

is, U.S.P. 2,467,231 

chvatal, and Robinson, /., 1951, 2892 
fonatsh 1884. §. 559 


Homolytic Aromatic Substitution. Part X11. 1477 


appreciably hydrolysed by rated aqueou lium hydrogen carbonate 
ions used in the working up 

is of esters: It was shown that mn 
| benzoate with the three isomeric nitropheny! oates was treated with aqueous 

lrogen carbonate under the conditions used for the extraction of the free acid. 
(d) Presence of water in the solvent: Determination of the concentration of water in 
the nitrobenzene showed that the amount present is just sufficient to account for th 
unount of benzoic acid obtained. Addition of excess of water to the reaction mixture ha 
been shown (Table 1) to result in a substantial increase in the yield of benzoic acid, with a 
corresponding decrease in the yields of the products of nuclear phenylation and benzoyl 
oxylation, although even in the presence of a considerable excess of water the hydrolysis is 
not quite quantitative. Thus the rate of the homolysis must be sufficiently large compared 
with the rate of hydrolysis, so that the former reaction still takes place to a minor extent 
It would appear, therefore, that hydrolysis of phenyl! iodosobenzoate by the small amount 
of water present in the solvent provides the most likely explanation of the high yield of 

ae a 


benzoic acid, although this does not necessarily ex le the possibility that other factors 


id was formed when a mixture 


may contribute 
In addition to the investigation of the homolytic decomposition of phenyl iodoso 
benzoate it has now been shown that this reagent is capable of effecting carbon-carbon 
ion in a vicinal glycol by a non-homolytic proces Phenyl iodosobenzoate reacts 
rapidly with benzpinacol in benzene solution at 80° to give a quantitative yield of benzo 
phenone, with the consumption of an equivalent amount of phenyl iodosobenzoate. No 
products corresponding to a free-radical reaction could be found.’® The correspondence 
between the reactions of lead tetrabenzoate and those of phenyl iodosobenzoate is thus 

established 

A comparison of the reactions of lead tetra-acetate and of acetyl peroxide has been 
reported by Kharasch, Friedlander, and Urry.!!_ Whereas the reaction of a vicinal glycol 
with lead tetra-acetate results in cleavage of a carbon-carbon bond, that with acetyl 
peroxide resul 1 oxidation to a hydroxy-ketone and finally a diketone. The reaction 
which results in th ion of vicinal glycols does not possess any of the characteristics of a 
homolyti rhis same contrast has been shown between the reactions of a vicinal 
glycol w lead tetrabenzoate on the one hand and benzoyl peroxide on the other 
(cf. Part rhe reactions of phenyl iodosobenzoate clearly follow very closely the 
pattern shown by lead tetrabenzoate, and both reagents effect the fission of vicinal glycol 
at temp ul well below those at which homolytic decomposition occurs The 
conclusions th reached are at variance wi hose put forward by Cordner and 
- oxidation of vicinal elyco Nit id tetra-acetate and phenyl iodoso 
thors postulate the intermedi tion of a triacetoxylead radical 


ull upon the hydroge: jac hvdroxyl group. thu 


©O- 


‘Pb(OAc), | Pb(OAc), | AcOH 


OH 


neral, notably non-selecti eactions and it seems unlikely 

ad radical would take part in su i highly ific reaction to th 

for the almost quantitative charact f the reaction. Such triacetoxy 

ve been postulated by Kharascl his co-workers ™ in the high 

iture decomposition of lead tetra-acetate and are considered to break down further 
and acetoxy! radicals. Moreover, the present demonstration that lead 

ind phenyl iodosobenzoate react with vicinal gycols by a non-homolytic 
unlikely the intervention of free radic: in the analogous reactions 


cetate and phe nvl 1odosoacetate 


llander, an Irry, |. Org. Ch 1949, 14 91 1951, 16 
sole ) ‘ hid 


Stirling, and Williams : 


[I.XPERIMENTAI 


Nitrobenzene lak ’ \ purified previou lescribed.* The 
trobenzene purified in this way, as determined Fischer met} 
hloroform was dried ; freed from ethane 


chloride 


pina 


William was crystallised to const: é Benzpi 
luction of ber phenone with zin crystallise 
b, p in white needles, n 


f method.® 


ite was prepared by a modification « 


ulded to a solution of benzoic acid (41 ¢g chioroform (500 ml 


Vw 


gently until the iodosobenzene hax Oly , and the solution wa 
ff from the filtrate ; idue was thor: 

b. p. 40-60 2 ml The crude materi: 

light petroleum, to yi eny! yenzoate, m. p. 159 
equiv., 223 a r Cool, 0,1 C, 53-8: H, 3 

as determined iodometri method used for lead tet 

Phenyl lodosobenzoate n Nitrobenze ‘ r were carried 

i thermostat maintained at 125 0O-1° by the hod previously used by Augood 


| Williamsin Part II.“ Reaction flasks containing 


nitrobenzene (190 ml.) were placed 
xdosobenzoate (11-15 2 Ww 


he thermostat 1 hr. before addition of the reagent. 
were added dro, 


lded to the nitrobenzene with shaking, 

he mixt $ were removed from the thermostat ; 7 : ‘actions then be 

mixtures were extracted with satura 
with water Nitrobenzene 


‘ ked column I-sters in the residue were hy \ y boiling 
n hydroxide for 15 hr The unsaponifiable m i was thorou 
ts, ; eing dried (CaCl,), tog 


distillation to 70 


n carbonate 


tion at 20 


ial 
ted 


benzene (3 50 ml.), and the benzene extra the 
washings of the calcium chloride, were reduced in vol DY 
n the distillation was chromatographed on ar lumin: lumn (25 x 2cm 


100 ml.) and with ether (100 ml her and benze 


with benzene if 
listillation through a 25 cm. helix-packed colum1 


he combined eluates by « c 
illation of the residue by the method described | Augood, Hey, and Willian 
118—138°/0-5 mm 


ture of nitrodipheny a pale lid b. 
f is carried out u 


tained from these 


ions with nitrobenzene at 125° (mol./mol. of re 


Ph-CO,H j phenylate 


PhCO,H 


1-80 0-05 


wut under the 


nitrobenzene 


uidition to the calcium chloride tube 
vas extended to 96 hr. in this experime: 
| ie) ‘ t] the acdk 


6 was carried out under the same cx 


on the mixture f isomer trodiphenyls 


Cale. for C,,H,O,N: } The phen 


chim. France, 1880, 3 
, Org. Synth., 1942 
J., 1952, 2004 


1956 Homolytic Aromatic Substitution. Part XII 1479 


Free nzoic acid formed in these reactions was isolated as follows: the sodium hydrogen 
carbonate extracts of the reaction mixture were washed with methylene chloride, acidified with 
concentrated hydrochloric acid, and then saturated with sodium chloride. The precipitated 
benzoic acid was thoroughly extracted with methylen lo > (4 30 ml,). 
layer was rejected and the combined extracts, after being dried (Na,SO,), were allowed to 

evaporate at room temperature. The residual benzoic acid had m. p. and mixed m, p. 117 
Benzoic acid which resulted from the hydrolysis of esters was isolated in the same manner 

nzoic acid formed in the phenylation of pyridine.® 
lrolysis of Benzoic Anhydvride.—Benzoic anhydride (3-0 g.) was dissolved in 
The solution was treated in the s manner as for the isolation of free 
Jenzoic acid (0-05 g.), m. p. and mixed p. 120°, was obtained 


f Estes A mixture of equal quantities of phenyl benzoate 


Che aqueous 


h each of the 
and the solution wa 
the same manner as in the experiment described th benzoic anhydride No 

id was obtained 
of Phenyl lodosobenzoate by Water P» 1 | Solvent \ 
lination of the water present in the nitrobenzene howed 


wit 


itrophenyl benzoates (2 g.) was dissolve 


Karl Fischer 
concentration to be 
5-5 10° mol./mol, The concentration of the reage ed wa 2: 10? mol./mol. If 
each mole of water caused the hydrolysis of one mole of phenyl iodosobenzoate with the 
production of two moles of benzoic acid, and if hydrolysis were quantitative, the yield of free 


benzoic acid could be accounted for. Thus, in expts. 1 and 2 (Table 1), the « 
icid over the sum of the yields of diaryls and ‘ ester '’ benzoic acid } 


xcess of free benzoi 
é 0-93 mole/mole of reagent 
This is the amount of benzoic acid which must be accounted for by hydrolysis of the reagent, if 
that the extraction of nitrodiphenyls and “ este benzoic acid is quantitative 
int of water present in the nitrobenzene used (200 ml,) amounts to 0-20 g, on the basis 
of the Karl Fischer determinations. This is capable of producing 0-022 mole of benzoic acid 
of phenyl iodosobenzoate, and since 11-15 g. of phenyl iodosobenzoate were 
used, this represents a yield of 0-89 mole of benzoic acid per mole of phenyl iodosobenzoate 
rhus the discrepancy in the yield of benzoic acid is reduced to 0-04 mole/mole of reagent, and 
since the extraction of nitrodiphenyl and “ ester ’’ benzoic acid is certainly not quantitative 
and a 5%, error in the Karl Fischer estimation perfectly conceivable, the result is probably well 
within the limits of accuracy of the experiment 
Determination of the Composition of the Mixture of Nitrodiphenyl rhe determination of the 
ratio of isomers present in the mixture of isomeric nitrodiphenyls formed in the decomposition of 


phenyl iodosobenzoate in nitrobenzene was carried out by ultraviolet sper trophotometry with 


the aid of a Unicam " S.P. 500’ quartz spectrophotometer, the method of calculation described 
by Cadogan, Hey, and Williams * being used. The calil 


had been obtained previously. The compositions of the mixture 


wation curves for the pure isomer 
obtained by this means are 


Che results obtained in 
similar reactions with benzoyl peroxide, which a1 i d , VI,* are included for 
om parison 


given in Table 2 lhe overall error of each detern 


PaBLeE 2. Mean isomer ratios in reactions with nitrobenzene at 125°. 


Reagent 
yl iodosoben zoate 
Benzoyl peroxide 


Reaction of Phenyl lodosobenzoate with Benzpina A mixture of benzpinacol (3.2280 g.) and 
phenyl iodosobenzoate (4-4809 g.) was dissolved in sodium-dried ‘‘ Analak ’’ benzene (100 ml.) 


rhe solution was boiled under reflux for 60 min. and then cooled rapidly to room temperature 
10% Sulphuric acid (50 ml.) and excess of potassium iodide were added, and the liberated iodine 
; | 


was titrated with 0-05n-sodium thiosulphate The aque i yas made alkaline wit! 


sodium hydrogen carbonate and thoroughly extracted with benzene (2 x 35 m1.) 


Benzoic acid 
m, p. and mixed m, p. 119°) was isolated from the jueous solution in the manner described 
above. The benzene extracts, after being dried (Na,5O,), were reduced to a small volume by 
distillation through a 25 cm. helix-packed column. Distillation of the residue yielded first 
iodobenzene, b. p. 110°/50 mm. (converted to l-io i-nitrobenzene, m. p. and mixed m, p 


ind Williams, /., 1954, 794 
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ibsequently benzophenone, b. p. 90° /0-2 mm., m and mixed m 
eriments carried out in duplicate are shown in T: 
Results obtained tn the oxidation of ben epinacol with phenyl todosobenzoate 
Mol./mol. of benzpinacol 
l 2) 
Yield of benzophenone 1-97 1-91 
! | iodosobenzoate consumed 1-00 1-00 
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298. Some Chain-substituted Methineyanines and Styryl Dyes. 


By FRANcES M. HAMER. 


arious methineyanines carrying a substituent on the chain have been 
repared and their absorption maxima compared with those of the 
rent dyes, On substitution there are large bathochromic shifts for methyl, 
benzothiazolyl, phenyl, and p-nitrophenyl; for carbethoxy, in the thia 


cyanine series, the shifts are also bathochromic but smaller, whilst in the 
ia-2’-cyanine series they are hypsochromi Introduction of substituents 
to the «position in the chain of styryl dyes cause ypsochromic shifts of 


ibsorption maximum 


luction of a substituent into the chain of a trimethincyanine has, until recently, 
n to produce only slight colour chang For example, passage from the benzo 
ye (lL; RK =H) to its analogues (1; R Me) and (I; R Ph) caused thi 
imum to undergo a hypsochromic shift of 145 A, and a bathochromic shift 
pectively.! Comparable with these are bathochromic shifts of 70—100 A on 
from the same dye (I: R H) to the analogue where R NAckR’, wherea 
ypsochromic shifts of 620, 890, and 560-—880 A, re pectively, on passing * to dyes wher: 
OMe, NEt,, and NHR’ are of a different order. 
the methincyanine series, Gétze * actually made the first chain-substituted membe 
RR Me, R’ i Et) but, because it gave a violet solution whereas the 
tuted dye gave an orange one, he did not believe them to be so simply relate 
ge produced by introduction of this methyl group in fact correspon: 
ic shift of 590 A In another methincyanine seri II), it has been recor 
ement of *( H> by if Me caused a bathochromi hift of 605 .. In another 
Me a bathochromic shift of 130 A or 445 A, was 1 wded for this di pl u 
\ striking instance is replacement 7 of {;CH> by: ‘in this dye (IV; R 
vhere the bathochromic shift amounted to 750 A, and treatment with triethy] 
la further such shift of 1060 A 
trast with the record of these large bathochrom hil is the statement that 
absorption maximum occurred on passing fron lye (L\) H, R’ Mc 
certain) to its ethoxycarbonyl derivative (IV; R gh Me, R” uncertain 
of its anomalous character, this result is particularly important and it is a 
rative details and analyses were not published 


I 


rand White, /. A Ch Soc., 1935, §7, 2480 
} Levkoev, Portnaya ! Lifshits, Doklady Akad, Naul 
i nge Chem., 1936, 49, 563 
f White, Sprague, Dent, and van Zandt, Chem. Rev., 1947, 41, 325 
in and Ushenko, /. Gen. Chem. (I R.), 1950, 20, 139 (Zhur ichei Khim., p. 134) 
1a similar citation, the first refers to the U translation, the second he Russian original 
und Kendall, /., 1961, 1723 
/., 1064, 503 


el and Nys, 2ist Congr 1948, 48: t Industrie, 1950, 68, 4 
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In a typical thia-2’-cyanine condensation, 2-methylbenzothiazole ethiodide was 
condensed with 2-iodoquinoline ethiodide to give the cyanine (II; R= H, R’ 
R’ = Et);* by modifying the conditions, the yield was increased ' to 88%. For meso 


substituted dyes, benzothiazole ethiodides having a substituted 2-methyl group were 


5 > 
R yi 
C*CH:C:CH-C Yi 
\, 
‘N 


4 
4 


| When the ethiodide of pure 2-ethylbenzothi A iow condensed with 
loquinoline ethiodide, the yield of meso-methyl d Me, R’ It’ It) 
ind it was unaccompanied by any dye by-pr« h Gétze § obtained one 
when 2-ethylthioquinoline ethiodide was used instead of 
the yield of meso-methyl dye was greatly re 
tituted dye (II; R H, R’ R’”’ kt imilarly, reaction of 2-ethylthiobenzo 
thiazole ethiodide with 2-ethylbenzothiazole ethiod ve the required product (IV; Rk 
Me, R’ ed Et, X !), accompanied by the unsubstituted dye (IV; R H, R’ 
Ik’ ‘t, X 1). Fry and Kendall have recorded that the methyl! analogue (IV; R 
R’ ‘’ == Me) is accompanied by its “ parent” (IV; R = H, R’ R’’ == Me),® 
By condensation of 2-benzylbenzothiazole ethiodide with 2-iodoquinoline ethiodide, 
the meso-phenyl dye (II; R Ph, R’ gs Et) was produced in 60%, yield, 2-Ethyl 
ind 2-benzyl-benzothiazole ethiodide, re 


ethiodide, gave 


2-iodoquinoline 
ind it wa accompanied by the 


pectively, with 2-iodo-5 : 6-benzoquinolin« 
the more complex analogues (V; RK Me and Ph, R’ R”’ Et), the 
yields being 67% and 42° as against 42% for the parent (V; R H, R’ : It) 
ilar condensations with 1-iodotsoquinoline ethiodide led to the isoquinoline dyes (V1; 
Me, Rk’ R”’ Et, X C1O,) and (VI; R Ph, R’ R”’ Et, X 

nd 36% yield, respectively; the 41% yield for the parent (VI 
xX [), obtained ™ by use of sodium ethoxide, could probably be improved by use of 
triethylamine The thia-2’-cyanine condensation has been successfully extended to 
eparation of chain-substituted methincyanines, the yields being comparable with 
unsubstituted parent dye 


1), in 72% 


R H, R’ . It 
I 


{’-cyanine condensation, on the other | could not be extended in a similar 
ding to that, 2-methylbenzothiazole ethiodide was condensed with quinoline 
to give the 4’-cyanine (VII; R H, R’ Et), acid and hydrogen being 
1; 3 under improved conditions, the yield had been raised * to 63°%,, Use of 


a negative result so far a 


» 


2-methyl-benzothiazole ethiodide n¢ 
Me, R’ R’’ =<: Et) was concernes were indeed produced in 
were identified as xantho- ar rir inines, which are known 
formed by the action of alkali on quinoline ethiodide,’” This negative result for 


/., 1928, 206 
1 Keyes, [. Amer. Chem. Soc., 1935, 57 
Kathbone, and Winton, ] , 1947, 954 
and Hamer, i 1934, 1905 
holtz and Mills, J., 1922, 121, 2004 
nd Brooker, /. Amer. Chem. § , 193", 68, 74 
ind Striibin, Ber., 1911, 44, 690 
J., 1928, 81 


Hamer: Some Chain-substituted 
he meso-methylthia-4’-cyanine disagrees with a claim that 2-ethylbenzoselenazole ethiodide 
is condensed with p-toluquinoline ethiodide to give a meso-methylselena-4’-cyanine. !? 

Alternatively, thia-4’-cyanines had been 


ynthesised by a modified thia-2’-cyanine 

This 
now proved capable of extension, so that by condensing the 4-iodo-salt with 
and 2-benzyl-benzothiazolium salts, there were obtained the 4’-cyanines (VII; 
Rt - Me and Ph, R’ = R” = Et). 


condensation, in which 4-iodoquinoline ethiodide took the part of its 2-isomeride.'* 
reaction ha 


) 


ethy!] 


ynthesis of further chain-substituted thia-2’-cyanines (I1) required two stages : first, 
preparation of other benzothiazoles and their quaternary salts, having a substituted 
methyl group, and, secondly, their application in dye condensation 


; 


) 


(Vit) 


teps were realised in the preparation of the ethiodide of a new base, 2-p-nitro 
lbenzothiazole and, from it, of the dye (IL; R = p-C,HyNO,, R’ = R” = Et) 
(hloromethylbenzothiazole is also described for the f 


erted into a quaternary alt 


1 


irst time, but it could not be 
this corresponds with a reported failure to prepare 
juaternary salt of 2-bromomethylbenzothiazole.” Howe Kiprianov and Pazenko 


method for preparing quaternary benzothiazolium salts, by the action of acid 

halides on N-substituted o-aminothiophenol *° was applied by them to the preparation of 
bi nethylbenzothiazole methobromide,” and it was hoped to apply it to the ethiodid 
iloromethylbenzothiazole. This hope was 
larenet 


a 


Ver 


not realised, although Yagupolsky and 
had isolated 2-chloromethvlbenzothiazole ethochloride : 2! reaction of o-ethy] 


othiophenol with excess of chloroacetyl chloride, followed by potassium iodide, did 
in ethiodide, but by analysis the product was identified as the sulphide (VIII). Thi 


the product (IX) which Kiprianov and Pazenko obtained from o-methylamino 
| and dichloroacety] chloride.*® 


nuit 


(IX) 
iurbonylmethylbenzothiazole was in Dormael and Nys, wh« 
base for dve Col ley 


nsations and made its methiodide.** The base 


and Agfa Ansc orp., U.S.P 
1030, 1008 
y, |. Gen, Chen i > de 1951, 21, 2055 
ind Pazenko, thiid., 1949, 19, 1515 
ind Marenet hid., 1053, 23, 497 
eland Ny l } 


2,061,134/1931 


u46 57 
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been distilled and obtained analytically pure rheir preparation of the methiodide by 
heating the base with methyl iodide in a sealed tube at 65° was confirmed, but at 100° the 
luct was 2-methylbenzothiazole methiodide. When the base was heated with ethyl 
10 in a sealed tube at 65°, salt formation did not occur, whilst at 100° the product was 
2-methylbenzothiazole ethiodide, but 2-ethoxycarbonylmethylbenzothiazole ethiodide was 
arrived at by applying the general method of Kiprianov and Pazenko,™ the reactants in 
this case being o-ethylaminothiophenol and ethoxycarbonylacety! chloride. Unfortunately 
ittempts to convert this ethiodide into methincyanines having a meso-ethoxycarbony] 
roup (Il and IV; R CO,Et, R — It) were unsuccessful. At first sight this is 
ince it was noted long ago that quaternary salts undergo certain condensations 

y than do the corresponding base >and indeed the whole chemistry of cyanin¢ 
regarded as based on that theorem wwever, there are exceptions and it has 
been recorded ™ that 2-ethylpyridine, but not its methiodide, condensed with 


its ethiodide could not be used, 2-ethoxycarbonylmethylbenzothiazole was condensed 

with the ethosulphates of 2-ethylthioquinoline and 2-ethylthiobenzothiazole severally to 
the dye bases (X) and (XI), the condensations being effected as indicated by 

van Dormael and Nys ® for the N-methyl! analogue of the latter. The bases were purified 


through their pere hlorates. Attempts to use imuilarly 2-(« thoxycarbonylformyl)methy| 
benzothiazole,*° in order to reach analogues of (X) and (X1) having a meso-ethoxalyl group 


led only to the corresponding unsubstituted bas in an attempt to condense 2-chloro 


methylbenzothiazole with 2-ethylthioquinoline ethosulphate, dye formation did not take 


place By the action of alkyl halides on the bi and (X1), two pairs of chain 


ubstituted methincyanines were prepared, viz., : - CO,Et, R’ Me or Et, R” 
Kt) and (IV; R CO,Et, R’ Me or Et, R”’ [et) 

By reaction of di(benzothiazolyl)methane ethiodide ** with 2-iodoquinoline ethiodide 
there was prepared the cyanine (XII), in which the meso-substituent is particularly larg: 
Use of a quaternary salt of di(benzothiazolyl)methane in a cyanine-dye condensation ha 


(X11) 
cribed, although the bas elf was used for making trinuclear 


uaternary salts of 2-ethyl- an benz benzoxazole with 2-iodoquinoline 
he cyanines (XIII; R or Ph / ne Et), which are the 
rues of (II; R Mi g Et). The benzoxazole 


nn and Vallette, Ber., 1912, 45, 1736 

1. Amer. Chem. Soc., 1954, 76, 3086 

e and Doeller, Annalen, 1939, 687 ; 
/., 1922, 121, 455 

i (ser il \ i if 


1484 Hamer: Some Chain-substituted 
analogues of (V and VII; R Ph, R’ Rk Et) and that of (VI; RK Ph, R’ R 
Et, X 1) were also obtained. Owing to their instability, the benzoxazole analogues wer: 


more dilt 


ilt to isolate than the benzothiazole dyes 
k Me x H) is known.** 


In the styryl series, the parent ethiodide (XIV; Me, 
ind Ushenko ™ prepared the corresponding perchlorate and made an interesting 
, including the perchlorates corresponding with the 
ubstituted styryl dyes have 
2-benzothi 


IANOY « 
of chain-substituted styryl dye 

XIV; R’ Me, K Me or Ph). Five chain 
(XIV; R’ Me, k Me, Ph, ~p-C,H,’NO,, CO,Et, o1 


e, namely, 


(XIV) (XV) 

Another unsubstituted parent dye and its meth rivative (XIV: R’ ket 
H and Me) were also made. In the benzoxazole series there were prepared the parent 
x | Ie Me, R H) and two derivatives (XV; Rk’ Me, R Me or Ph) 

is noticed that the dye (XIV; R’ Ik Me) was accompanied by a basic by 

o also was the closely related product (XIV; R’ Et, R Me) whereas the 
stituted parent (XIV; R’ <— Et, R = H) was not. These by-products were purified 
concluded that both AN methyl group but only one N-ethy! roup, 


| 


it wa 


(XVII) 


imi (XVI: R H or Et 
Et, Rk Me) by elimi 
R Me 


y-products, which were the 
by-product may be simply derived from (XIV; Kk 
to arrive at the former by-product from (XIV; 


formation of th 
iv] iodide ¢ 
at may bi 
A basic by-product also accompanied the dy 
ncluded from analy 


and it was cot is that it had structu 
of the three bases had each a sharp absorption maxin 
| double bonds is doubtless re pon ible 
1 and 2 contain the ab orption maxima of mi thanolx 
as the shifts whicl 


\ 


eliminated, hydrogen iodide added, and methyl iodide agair 
Me, R t 


XIV It’ 
re (XVII). Methanoli 


for wh h the chain 


uti of the! 


re pectively, as well occur on ipstit 


A connection between departure from pla 


1 dye 

extinction coefficient 

wd decreased 1 ed with 

with certain dimethylanilines.*4 In the cyanin rics, inten 
d | 1 ascribed to 


diminished by chain 


ntensity of absorption was dedu 
} 


ubstitution on thi 
* All the chain 


i 
also with styryl dye recorded 
isecdl intensity of ab orptior 
imethylanilines, non-planarity of the molecule led to absorption at a 
instances of al 1} atash ; h due to steric « 
d:* even in the cyanin ne each of which had a 
| 1 % absorbed at a shorter 


» nucleus and could not 

, 1930 7 y 
5J2.), 1950, 20, 543 (Z/ obshchei Khim., p. 514 
Soc., 1940 62, 2006 


hid., 1945, 67 183% 
, 1939, 45, 5 
Walker { , 1940, 145, 386 


’. Klehtroch 
Lambert, and ‘\ 
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wavelength than the analogues having a 5: 6-benzoquinoline nucleus.“ On the othe 

hand, a bathochromic shift of absorption maximum was ascribed to steric deformation with 

the dipyrrylmethenes ** and with N-methylet#oporphyrin I1.°* Instances of bathochromic 

shifts caused by chain-substitution of methincyanines, and attributed to non-planarity of 
TABLE 1. Methineyanine 

Bathochromi 


Bathochromi 
shift on 
ubstn. (A) 


R’ 


Abs. max 


substn 


(IV; R’ 


c Ret 
Et) J 
51,200 b 
25,900 
31,400 
24,400 
(11,560) 
10,700 


rmula 
4220 
4770 
4370 


rmula (II 
4860 
5450 
5520 
480 
4500 
£780 


a, 
590 
660 
620 
tla (LV 
220 


$520 


su) 


5470 610 11,500 


rmula (XIII 
4370 
4960 
v0oU 
1000 

inflexion) 


Et) 
50,200 
15,000 


Il; 
$550 


4750 


K 


rmula 


V; K Et) 

50,000 
24,200 
25,800 


rmula 
4980) 
5470 
560 


gues of (V; R 
4630 
(4450) 
5140 


490 nal 


580 


RK Et) 
24,800 
5,590 


6,960 


Formula (VI; 510 
5020 
5230 


5480 


alk gues of (VI; kx 
$550 
5OBO 530 


ila 


yIa0 


Vil Et) 

52,600 
26,000 
31,100 


ale of (VII; R 


gues 
4700 


S20 


740 
780 


5770 
5810 
* Hamer, J., 1928, 206 
ind Hamer, /., 1934, 1905 
J. Amer. Chen 


620 


Pro¢ ho Sot 


* Beilenson, Fisher , 
19036 


4 Idem, P) 
, 1940, 62, 2906 


lebush 


TABLE 2. 


Hy psa hrom« 
shift on \ nax 
substn. (A) sub 


max 


Abs 
Formul!l 
5380 


4670 


79,000 
21,000 
25,300 
28,000 
25,000 
$2,800 


4020 
4670 
4010 

H, Me, 


ent 1s 


and 
not rec 
dide « mposed 


it 4860 A 


Kor the rre ling perchlorates (XIV kK’ Me, | 

iko 7 gi 300, 4810, and 5080 A, respectively, but their sol 

Van Dormael and Nys® said that the corresponding methi 
but wa it 


» that A,,, could not be determined exactly, 


pon 
pon 


lees 


the molecule, have been recorded. 5 


may produce sometimes an increase and sometimes a decrease 


maximum absorption, depending on their effects on the ground state 


state. 


woker and Keyes, /. Amer. Chem 

ngs and Corwin, tbid., 1942, 64, 593. 
1 Corwin, thid., 1946, 68, 1112 
ibid , 1947, 68, 152 


on an 


ind Brown 


1 154, 703 


llyps 
sh 


it ¢ 


a (XIV; R’ 


Ph), 


orded 


shiit on 


(A 
R 


e 
Et) 
86,700 
40,000 
11,500 


Et) 
86,500 
21,780 


Et) 
53,000 
24,600 
30,200 
(27,000 


10,7 


7 Et) 
50,300 
(49,400) 
27,300 
R’’ it) 
28,000 

7,000 

Kt’’ ht 
64,400 
33,300 

1937, A, 168, 138 


* O Shaughnessy 


ochromu« 


it on 
(A) 
kt) 
81,500 
26,400 


ormula (XV; hk’ 


70,000 
3U, 550 
55,200) 


200 
10 


Kiprianoy an 


during recrystalli 


Vittum and Brown *? pointed out that steric factor 
of the wavelength of 
and on the excited 


1 490 to 590 A, whilst for t 
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Some Chain-substituted 


Hamme 


n bathochr: 
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] irger (7 bt) A 


in four 1 tance t] 


that 


d quinoline dye (VII) it i 
iries from 510 to 680 A, but 


{ 7 mi) A | lh ¢ hve 
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| the phenyl wl 


hift than dos 
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H+ to (CPh: 
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up Cause 
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()y 


tive] 
-<CHe to + 
ded the abser 
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100 A, respec 


ing fron 


CCK 
he 
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CO,Et, R 
when the etho 


econd benzothiaz 


hift passing from 


ling meso-etho> 

lethincyanine 
t the 
d 


(Ty 
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ad the 


( 


on 


hromu 
respon 
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alin 


ju 
es (X) ar 


} 
Wa 
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from two pare 
ethinc, 


1 
ONY! 


irbony 
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Wer 
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0-ethox 


etho» 
tated 


WH¢ 


thincya 
ie of the 
the 1s0q 


hown b 


i 


mtaining 


not the 
lait II) 1On Wa 
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4 kK’ 
Me 


tyryl dyes, 


unsubstituted 


\ | 
vi¢ 
yh 


Ik 
CO,Et, Kk ( 


ubstituted 


but 
fa chlorobro 
Ines, (I\ 
(IV; R 
eight chain 
I 


thi corre 
with the sensitisation by the me 
inaloguc 


Oo} 


and 
| 
ponding 


i 


yl 


ba 
that the p-nitrophe 


f tha 


ired | 


pre} 
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er, /., 1934 
29. 1085 
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1040 


1su6 
Vonat 22 41 


ing from 
naller (210 A 
, the hift 
VI) (460 A 
by 
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hyp ochron 
palr re pre 
one 
mod 
the et 
ip and one 


I 
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tauld 
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nucleu 


re 


anin 


two parent methine 
and batho 


anine 


I 
ur In @% 
parent 
luc 


ol 


“CR 


extreme 


ub t 
Me 
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1 mol.), rri in phosphoric oxide (0-33 mol.), and 

ire in an oil-bath After 8 min, a the product was warmed with 
olution, and the base extracted After removal of the solvent 

5 mm., and the fraction of b. p. 


the viscous yellow oil had b 
Bohm * recorded b Pp 204 


amounted to a 29% yield 


rzole E:thiodide 2-Benzylber 1 mol.) and ethyl iodide 
heated at 100° for 48 hr product (71% yield) was 
n ethanol (7 c.c. per g giving a 57 ie] rhe pale yellow crystals 
p. 181° (Found requires C, 50-4; H 


icid Phenvlacetic aci Borsche method; he 


60% yield of p-nitro-compound, m 
s 95—-140° and four recr’ 
m 100 ¢.c. per g.) for tl 


ent vield of crude acid wa 
iter were required (one from 
151°, at which point the yield 


Nitrophenylacetyl chloride, prepared by use of pentachloride,” had m. p. 47 
thionyl chloride (10-4 c.c., 3 mol ‘ olled itrophenylacetic acid (8-72 g 

lded, and boiling continued for i of Hionyl chlonde was 

and the residual oil extracted with light 1500 c.c,) The 
yield) had m p 41s Pyman “ give 

ole lo p-nitrophenyla 


115°, phosphoric oxide (1 m¢ 


‘ 14 l amino 
in After 15 min. at 145 


was heated with sodium hydrox nd benzene brom the dried 
was removed. Lhe crystalline re issolved in hot ethanol (30 c.« 
reated with hot water (30 c. he t iltant oil solidified (88% yield 
yn from ethanol (10 c.« per ¢ t yield ¢ and-coloured benzothiazole wa 


115 Another such recryst 
requires C, 62-15; H, 3-75% 


Found: C, 62-05; H, 3-65 
lat 100° for 24 hr lreat 


1 mol.) and ethyl iodide (1-2 mol re heated 
| his was recrystallised from 


Hs‘ yield, but 


Te 
a’ é 
e (total 30 c.« Ave a pale yellow il 
be avoided ind gave a 67% yie ld of 


Found 415-05: H, 3-7 


contact with water 
249° (decomp.) with yu rkening 
15-05; H, 3-55% 
Chloride The method 
ibly because of the present smaller 


r and Becker” required modifi 
ium ethyl malonate (32-49 g., 1 mol 
cture was further boiled 


lually added to boiling thionyl chloride 
64 , and the b | 765 


ninute then, without filtering, di 
nylmethylbenzothiazole In titi hie ethod of van Dormael and 
n of the zinc salt (20-85 nothiophenol in boiling dry 
| chloride (1 mol.) in dry 


‘ treated gradually wi 
the mixture was boiled for 6 hr c salt being broken up at 
filtered off hot and boiled out 2 30 €.c.) After being 
inted to a 23% recovery of zi he benzene extract was shaken 
(Na, 

Nys thus obtained a 7 

work, the crude product 


und 50-65 H 5 OD 


odium hydrogen carbonate iter, and dried 


ken off under reduced pressure 

ch they subjected to condensatior 
ellow hase, b p. 12] 

H, 5-0° la 


‘ aled tube at 


described by 


mol.) and methy! iodid 


hen treated with anhydrou 
[The methiodide was 
illisation from methanol-—a ‘ : the yield dropped 


mut with much 


i, Ber., 1926, 59, 1007 
1909, 42, 3596 
n, Wei 


erman! 
111, 169 
ecker, Ber, 1917, 60, 1016 


Hamer: Some Chain-substituted 


(decomp.) with previous darkening (ound 
requires C, 39-7; H, 3-99 Van 


C, 40-05; H, 4-15 
Dormael an I 
but do not record the 


1 Nys give m, p. 170—171° 
yield at this stage or an analysi Addition of ether to th 
te from the recrystallisation precipitated a solid (0-09 g 
iol (4 cx 0-06 g. obtained). 

ition with 2 


a 


hich was recrystallised from 
Although this had m. p. 172° (decomp.), a colour-test showed 


methylbenzothiazole methiodide 
in attempted preparation where the reactants were heat 
acetone gave a 54" 


d at 100° for 24 hr., treatment 
¥, yield of crystals; after two recrystallisations from ethanol (12 c. 
and the m. p, 210 p By the colour-test and by ar 
C, 370; H, 3-7. Cak for C,H,,NIS C, 37-1; ail iF alt wa 
venzothiazole methiodide 

arvoon 


the yield was 22% (decom ilys1s 


identified 


lmethylhbenzothiazole k:thiodide (a) When 2-ethoxycarbonylmethylbenz 
vl iodide were heated in a sealed tube at 65° for 15 hr., salt formation did 1 
e and ethyl iodide were heated at 100° for 24 hr., the supernatant liquid w 


yield of crystals resulted. After 1 
yield was 23% m. p., 190° (decomp 
the second recrystallisation From m. p., p., analysis (Found 
Calc, for CygH,,NIS: C, 39-35; H, 3-964 


Yo), id the colour test, the salt 
2-methylbenzothiazole ethiodide 


} 


the gum treated with acetone; a 51% 


from ethanol (7 c.c. per g the 


vc) 
} 


i 


f, Kiprianov and Pazenko,™) 


lo a solution of o-ethylar 
Zein tox Wa 


ded one of ethoxycarbonylacety! chlo: 
\fter cooling to room temperature, the liquid was de 
ene, dissolved in hot methanol (2 c, varm solution of pota 
mol in water (4 c. The 


) filtered off and wa 
eld After recrystallisation from methanol (5 c.c. per g the yield was 32%. 
tals had m. p. 155° (decomp.), with previous yellowiny the m. p. depended o 
ing (Found: C, 41-55; H, 46. ¢ tl, ,O,N1 ) requir 41-4; H, 43%) 
romelhylbensothtazol Chloroacetyl chloride ™ (8-28 g.; | 
inothiophenol (1 mol.) was gradually stirred 1 
the mixture heated 


j 
ag 


thiophenol (0-81 g., 1 mol 
ide (1-1 mols.) in dry benzene 
ante 


] ce 


| and the gum washed twi 
), and treatec 


éthiodide crystallised 


A and Wa 


ium 


mol.) was cooled wit 


Ph yhoric oxide (0:33 mol.) wv 


in an oil-bath, After 45 min. at 140—-150°, the product wa 
, and sodium hydroxide solution \fter repeated benzene extraction, 
Na,5O, The solvent wv 


vas tal ff and the residue distilled 
79-—91° /O-2 mm., 


the 


va 
th water, benzene 


tract was dried 


lhe 


olidified, On recry ition of this from light petroleum 


60 | droppe , a ere as i Phe colou 
( 52°00; Hi, 3 N h2-< 
thylaminophenylihiomethyl 


iad m,. p 


benzothiazole kth VIII \n attempt 
ethylbenzothiazole ethiodide, by heating the 
essful, so Kiprianov and 
inothiophenol (1-58 g., 1 
ride (2 mols.) in 


was tried A soluti 
with one of chlor 
Heat was evolved and 
land the 


yl iodide in a sealed 
Pazenko’s general 
mo in dry benzene 
dry benzene (4 c.« with 
After cooling, the liquid was 
rene It was dissolved i 


solid separated 


solid washed twice 


hot methanol (6 ¢ solution was tre 


After cooling, the brow 


1d cy od was twice washed 
then treated with acet : 


potassium iodide 


ited wit! 
by 


decantation, and 
[his was filtered off 


vnereupon a yellow 
ind washed with acet f ‘ The yield amounts 

preparation on a scale half as large again it was on] nother preparation « 
ile decomposed completely on treatment wit 
ol (14 ¢.c. per 5 


ih | 
gz.) decres 


lide Kecrystall 
% yield to 17 
Lbs lecomp was unaltered by t illisation (Found 
H, 4-65 i, 63; 97-5 - 2. CygH,,N,15, requir 17-35; H, 4-65 
14-05% is CO | t the ethtodid nu ied ab Alth 
recommendes n preparing 2-bromomet 
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cond recrystallisat 


‘ 


Ol 
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‘ 
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1 Grauaug, Her., 1928, 6], 2B, 57 
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1939, 470 


Che residue of ethiodide amounted to 28%, 
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dete! 
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4} 


the dried ether extract (Na,SO, 
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- 
laminothiophenol 


tiazoline by boiling 
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(average 53 
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iting the highest-boiling fract 
ation from light petroleum 
was confirmed by 
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to col 
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Ct 10 min, and ft 
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This material had m. p 
4-65°%,) 
tole Eethi 
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il 
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conversion had alre 
H, 44. Cale. for ¢ 
41-65% the proportion 
2 g.) was thrice ! 


t parti 
C, 48:3 
55-35: H, 
of ethiodide 
after recrystallisation from | 
n of the ethiodide may explain why alki 
bases than did alkotoluene-p-sulph 
This, b. p. 129-—130 
h alcoholic 
ad for the 


yield was obtained, per! 


wit 1x 
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eOXO~ 


1 
making 
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y r 
Preferably distilled 2-oxo-compound 


olution of potas 
irbonate was filtered of! 
The re 


sium hydroxide 
ta ium ¢ 


rated to dryness 


ring 
| the extract dried (Na 
77% (1 


as 
better pre} ared from 3-et] 
Phus thi 
6 mol 


2-thione (19 


ird 
in ethanol 


the f 


wide 
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acid Che oil wa 

| 
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thi 
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addition of concentrated | 
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yl compound and, by 
2-ethylthio 
120° for 


(120 c.c.) 


work 
at 110 
in water 
stirred and cooled 
in water (40 c.« 


bon 


ind was then 


side (2-2 mols 
The yield varied, in 


vacuum 
sample of the 2-ox« 
H,5-0. Cak 
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ince that 
troleum (Found, after 
r CoH,NS,: C, 55-35; 
, and the yield was of 


ally pure 
C, 60-25 
Whe 
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p 
ntasulphide,” secone m. p 


f sulphonate with 

2-ethylthiobenzothiazole with 
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lution of the salt 

(11 The washed 
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iting 2 
t Ithiobenzothiazolk 


8 hr \ 


water 


L110 t 


(tm. | 


I 


0-63 g# 


givul in yield 
: ethiodide 
12 c.c.) 
per g.), 
Cak 


enzothiazole 


ired into water (on 
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for 


60 BO 


of 
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| been prepared some months 
high yield led to 
from the carbon 

37-6; H, 40%. Cale. for 
vas 40%, and of thione 60° 
inhydrous benzene (3 
of thione obtained on removal of 
56% (m. p. 78°). This 
itisfactory for prepar 


le 
impossibly 


Calculated 


uv CA 
leum it was 
neared Jes 


3-ethyl-2 


ic 


prepared from crude 
the 


1 1 
ium de and yield 
claimed ™ to On 


variability of 
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or nr 
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Oxo 
wa 
After 
t¢ 
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ter (100 ec. 
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Phy } eh} 
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for C,H,,) 

line, since the | aration 

thanol (40 c.c.), was boiled 

After cooling, the solid wa 

concentrated to a 
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ings were 


xtracted with benzene and 


Che yield was 70%, 
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1 triethylamine 
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0-08 g Che f it is boiled with charcoal (0-04 g.), then 
desired dve se f 


iel [It recrystallised from ethanol 
1arcoal) in 5% yield. } } 


o 


ne had m. p. about 214° (decomp 
rkening and shrinking | : » CyoH,y,N,IS, requires ¢ 
The dye was inert in a brom ide pl emulsion but sensitised a 
emulsion extremely weakly to 5400 A claimed ” that this condens 
with sodium ethoxide in 24 ield, cd tallisation to 13% (m. { 


recrystallised from n 
identity of absorptior i i tablished 
iodide (IV Kx t, X 


O-O8 ¢ 


izole ' kk 
3-Ethylbenzothiazol 2-(l-ethylquin 
It 2-Benzylbenzothiazole ethiodide (0-95 
ind triethylamine (2-1 mol I i a 70% yield of 
tallisation from ethanol (2! i rele é C, 60-15 
eq ires (|, 60 1: H, 4 ! ( I bromouodide 


, Juin line) 2-(3-el/ 


1204 ti thir e lod V; Rel 
2-Methylbenzothiazole ethiodid ; ind 


i 2-1 5 : 6-benzoquinoline 
( with triethylam ere ed 30 min The 
obtained in a 42 I I tallisation rom methanol 
I, 24-9 Cale. for , ‘ol : ; } } h-orange 
decomp 
quinoline l thincya lodide (\ kx 
2-Ethylbenzothiazole ethiodi i ) nzoquinoline 
and triethylamine I , t 


I Om the h 
in $9% vield and w i 


i i 


ld a recrystallisation 
Phe dark purplish « f ery t violent decomposition at 
59-15 H, 4:95. C,,l N 


9-55 iH 1s", Dh 
tised a bromoiodide pl 


nzoquinoline) \[ 2-(3-ethylbe 


use of 2-benzylb« le (0-905 ¢ i id of 2 
lide above, the product separ: tar } 


was recrystallised from et 
stals had m p about L75 nh} { 63:3 H, j 
15 H, 465%). r} 1" tly d i 


eventually crystallised The 


d obtained in 42 


F d robromide 
el Isoquinolty 
ClO, A mixture of 


thanol (3 c.c and trieth 
precipitated the dye io 
lution in hot ethanol ¢ 


». ab omy I 4 oltening 
Cogtl gg! 4 oa ' : P slight! 
1a bromoiodid 1 


atic 
2-ethyli oquiy 
the 
ethiodide (0-95 g 
c lide being 79 
to chromatog! iph 
vith lo 


methan 


660,408 /1949 


Hamer: Some Chain-substituted 


2-Ethylbenzothiazole ethotoluene-p-sulphonat 0-91 
triethylamine were boiled for 2 
sium iodide With acetone 


rt 4-jodoquinoline 
ethanol, with min., then treated with hot 
the tar gave a 56% yield 


/O 


if crystals (hrom 

with chloroform on alumina on a test portion revealed no dye other than the blue one 
llisation from ethanol (6 c.c. per g.) reduced the yield to 49% he olive-green crystal 
185° (decomp.) (Found 1, 26-7; S, 6-6. C,.H,,N,IS requires I, 26-75; S, 6-75% 
lightly desensitised a chlorobromide and a bromoiodide photographic emulsion 
ittempted preparation by a modified 
dide (1-60 g., 1 mol 


led with potas 


thia-4’-cyanine condensation, 2-ethylbenz 
and quinoline ethiodide (3 mols.), dissolved in ethanol (35 
sium hydroxide (3 mols.) in ethanol 
yunted to a 14% yield of apocyanines 
idue was washed with hot ethanol (5c. 
vil Id 


; 


20 c.c.) for 30 min. The washed 
m These were boiled with ethanol (25 c.« and 
From the filtrate and washings there separated 
vhich had the same m. p. and mixed m, p. as erythroapocyanine, and the absorptior 
were the same The undissolved residue, after recrystalli 


} 


ition from ethanol (35 c.« 

to a 4% yield; like xanthoapocyanine, it and their mixture all darkened below 100 
unmelted at 300°, and the absorption maxima were the same 

yuinoline) \'4-(l-ethylquinoline)\cyanine lodide (I:ryt) 


sium hydroxide with quinoline ethiodide,™ 
in our work 31%, 


pota 


inine (On rea 
} 


the yield of crude, 
They were boiled with ethanol four times (ea 
recrystallised from ethanol and gave a 4%, of xanthoapocyanine The 
luct obtained from the extracts and by their concentrati 


ration amounted to 20% of 
Kecrystallisation from ethanol (23 c.c. per g 


to 14%, and a further two recrystallisations from 

(a chromatogram with chloroform on alumina sh« 

H, 5-5. Calc. for C,,H,,N,] : C, 69-7; H, 5-259 

Che absorption maximum of a methanolic 

bromide emulsion was very 
n was slightly desensitised 

L-L-thylquinoline) 


tion 


washe 
ch, 6c. per g 


4 
yieu 


per g 


methanol (20 c.c, per 


wed no vellow contamina 
i] m. p. wa 215 220 


solution was at 5160A (e 31,600 
weakly sensitised to about 6000 A. whilst a bromoiodide 


3-(l-ethylquinoline) \cyanine Llodide (X Loan imine) Kaufmann 
iid that, by modified conditions, the yield of xanthoapocyanine may be increased 

fo reproduce this, quinoline ethiodide (7 g., 2 mols 
dium (1-2 atom-equivs.) dissolved in ethanol (20 c.c.), 
Phe yield of washed dye was 20%, 


in ethanol (140 c.c.) was treated 
and the solution 
Recrystallisation from methanol (200 ¢ 
ield of orange crystals, which remained unmelted at 306° (Found : C, 59-7 
CaH,,N,1: C, 59-7; H, 5-26% 


was boiled for 
per g.) gave 
5 Cale 

Kaufmann and Striibin give m. p. 320° (decomp.) rhe 

maxima of a methanolic solution were at 4610 (e 19,900) and 3620 A (e 6200 A chlorobromide 

mulsior is weakly sensitised, with maxima at 5200 and 5400 A and a bromoiodide emulsion 

ry weak extension of sensitivity. 

lbenzothiazole) \{4-(1-ethylquinoline) \phenylmethincyanine Le VII; R Ph 

kit) To a mixture of 2-benzylbenzothiazole ethiodide I mol.) and 4-iodo 

line ethiodide in ethanol (20 c.« iW irbonate (180-mesh 
l rhe yield of washed dye w 


) was added anhydrous 
ind the mixture was boiled for 2 min 
illisation from ethanol (19 c. 

i: I, 23-66: S,6-8. ¢ 


as 99°%,:; after one 
per g.) and a second from methanol (25 c.c. per g.), it w: 
a7Hi,,N,IS requires I, 23-65; S, 6-0%) p. was abou 
It desensitised a bromoiodide emulsion without sensi 
lhenzothiazole 2-(1-ethylquinoline) \-p-nity riphenylmeth 


thinc’ odid (tt ik 
K it) p-Nitrobenzylbenzothiazole (0-54 g., 1 mol.) and ethyl toluene 


1 mol.) were heated together at 165—175° for 4 hr The gum resulting 

hot ethanol (8 c.« treated with powdered 2-iodoquinoline ethiodide and triethy! 

boiled for 2 min Hot filtration removed a little 2-iodo-salt 
The tar deposited was 


and two washings with 
treated with ether, then dissolved in hot methanol 
ited with hot aqueous potassium iodide. The tar hardened and 
a vacuum-desiccator (0-58 g. obtained, 40° 
In the first it was treated with chlorofort 


was Wa hed 
| dried in It was purified by 
ng ethanol (1° yn 
it brown forer the p lish 
leaving three coloured impuriti 
ire chloroform wa 


is gave incomplete removal of 
yield 


dye wa then 
930 in the 
used to remove a brown fo 
with chloroform containing ethanol (1° 


} j ‘thanol (6 c. 
6% yield Recrystalli har 1 


econd chror 


then washed 
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Cy,HyO,N,id requires C, 55:75; H, 415%). The dye strongly desensitised a bromoiodide 
emulsion 
Lthoxycarbonylmethin{ 2-benzothiazole}|2-(l-ethyldihydroquinoline) | (A).--2-Ethylthioguin 
oline (0-95 g.) and ethyl sulphate were heated together at 110-—-120° for 8 hr The salt was 
dissolved in hot ethanol (5 c.c.), and 2-ethoxycarbonylmethylbenzothiazole (1 mol.) and then 
triethylamine (2-2 mols.) were added. After 5 minutes’ boiling the solution was acidified with 
hydrochloric acid and treated with sodium perchlorate in hot water (50 c.c.), After cooling, the 
liquid was decanted from the orange tar. This was washed by melting under hot water, cooling, 
ind decantation. Onasecond treatment with hot water, the tar did not melt and, after cooling, 
the solid was filtered off. Whilst still wet, it was dissolved in hot methanol (15 c.c.). A red 
perchlorate crystallised in 66% yield [56% after recrystallisation from methanol (17 c.c. per g.)), 
and had m. p. 195° (decomp.) (Found: C, 55-6; H, 465; N, 58. C,y,H,,O,N,CIS requires 
C, 55-4; H, 445; N, 509%). The perchlorate was ground with water and with aqueous sodium 
hydroxide [he base was extracted with benzene and the extract dried (Na,5O,), After 
removal of solvent, the residue (54%) was taken up in hot benzene (14 c.c.), and the filtered 
lution treated with hot light petroleum (b. p. 60—80°; 28 c.c.) The yield of almost black 
crystals was | m. p. 179° (decomp.)} (Found: C, 70-05; H, 5-4. Cy HyyO,N,5 requires 
C, 70-15; H, 5-35‘ The absorption maximum of a methanolic solution containing ammonia 
t S5ITO A (e 13,500). A methanolic solution containing sulphuric acid had its maxima at 
3200 $1,500) and 4780 A (¢ 8100) The substance sensitised a chlorobromide emulsion 
ely weakly 

base was also prepared by fusing 2-ethyltl iinoline ethotoluene-p-sulphonate with 
ycarbonylmethylbenzothiazole but, under these conditions, was liable to break down 

partly to the corresponding unsubstituted base 
i: thoxycarbonylmethin| 2-benzothiazole\{2-(3-ethyl-2 : 3-dihydrobenzothiazol X1) 2-kethy! 
thiobenzothiazole (0-98 g.) and ethyl sulphate were heated together at 110---120° for 8 hr.,, the 
resulting si in ethanol was similarly boiled with 2-ethoxycarbonylmethylbenzothiazole and 
triethylamine, and the product was converted into the yellow perchlorate |70% yield; 66% 
after recrystallisation from methanol (30 c.c. per g 137° (decomp.) (round: C, 48-7; H, 
5 N, 575. Cogltl yOuN,ClS,,4H,O requires C, 48-5; | tJ N, 5°79 


j 


0} 


The derived pale yellow base (65% yield), which wa ystallised from benzene (5 c.« per g.) 
light petroleum (b. p. 60-—80°; 16 c.c. per g i n. p. 127° (47%, yield) (round 
H, 48. Cyglt,sO,N,S, requires C, 62:8; H, 4-7! Che absorption maximum of a 


methanolic solution containing ammonia was at 3440 fe 17,500) That of a methanoli« 
olution containing sulphuric acid was at 4230 A (e 9110 Lhe base sensitised a chlorobromide 
emulsion extremely weakly and was inert towards a loride emulsion 
it was also prepared by the fusion method, which was less reliabl 
2-(1-Lthylquinoline) || 2-(3-methylbenzothiazole) \ethoxycarbonylmethincyanine lodide (11; Kk 
Me, K”’ Et),-Ethoxycarbonylmethin 2-benzothiazole || 2-(1l-ethyldihydroquin 
1 mol.) and methyl iodide (1-5 mols.) were heated at 100° for 24 hr After four 
th hot benzene (4 * 8 c.c.), the residue of salt amounted to a 59%, yield lo 
ye hydriodide, it was shaken with benzene and aqueous sodium hydrogen carbonate 
ield of residue The recovery of crude base was 26%, at the original benzene extraction 
it the second After two recrystallisations of t! ye from methanol (9 c.c, per g 
3 25%, rhe red crystals had m. p. 206 I mp Found: C, 53-06; H, 466; QO, 
2, CoygttyO,N,IS requires C, 63-3; H, 4-45 6-15 Y, 54% In a chlorobromide 
ion the substance produced extremely weak nsitisatio 0 56400 A and very slightly 
itised a bromide emulsion 
3-kthylbenzothtazole) || 2-(1-ethylquinoline) ethoxycarbonylmethincyanine lodide (Il; Kk 
kk K’’ Et).—Ethoxycarbonylmethin| 2-benzothiazole || 2-(1-ethyldihydroquinoline 
0-75 g., | mol.) and ethyl iodide (2 mols.) were heated at 100° for 4% hr After extraction with 
hot benzene (4 10 c.c.), the residue (77%) was shaken with benzene and sodium hydrogen 
carbonate solution (58% yield); the ethiodide was taken up in hot methanol (2 c.c,) and the 
treated with hot water (2 c.c.) The vield of ery ls was 43%, and after a second such 
The orange todide had m. p. 190 ecom| Found: C, 5406; H, 49 
juires C, 54-15; H, 4-75% rhe dye p extremely weak sensitisation 
obromide emulsion and very slight desensitisation of a bromoiodide emulsion 
{ 2-(3-methylhbenzothiazol wll mine lodids I\ kK H, k 
2-Ethylthiobenzothiazol eated with ethyl sulphate, and 


vith methyl toluene-/ iphonat t 110-120" for 8 hr A solution of 
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m ethanol (20 c.« with ch 
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i he 
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previous shrinking 
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$450 A (ref 


it h the recorded 


4630 50.300) and 


hot mixture of 1Od0-o : O 2 methyl 
ethanol (10 c.c.), and triet! The solid was 
hed with hot ethanol (2 t nsisted of unchanged iodo-com 


reen crystals. The filtrate 
dye After two recryst 


ircoal, the yield was 3 en nd mixed p. were those of the 


crystallised, giving a 


methanol (75 c. per {/ 


he first method, and the ima were identical (Found { 


olution of the washed re the original mother-liquor, 


e being the conditions for 
310° (decomp 

F H, 4-9, 

the re 
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filtered hot and 
oy 


5 : 6-benzoquinoline)met 
Te! ed 
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4 3 t} j i f imelthinc, ine 4 9 


#~(od-ClAhy 
heated at 155 165° for 4 hi 


‘ thyl toluen 
i ved in hot ethanol (8 2-i 6-benzoquinol ethiodide wa 
ylamine, and the mixture Hot filtration removed 
rhe filtrate and 


mpound, which was washed 
l ished with ether 


h ether (100 c.« 


hanol | CA Va reate 


in water 


id 56% ye ld) was dissolved in nol, and washed 
ent on acolumn of alumina litt puri i n |, the red dye wa 
31% yield), and a yellow dye was boiled 
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»crystalli 
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lified when ground with ice 
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ind , 600; hM, 60; 
» dye slightly desensitised a bromoiodide emulsion 
benzoxazole) \\4-(l-ethylquinoline) |phenylmethincyanine 1 


lide lo the salt from 


azole (1-08 g.) and ethyl toluene-p-sulphonat re added 4-iodoquinoline 
(10 c.c,), and triethylamine and the mixture was boiled for 3 min A hot 
ium iodide precipitated the dye todide as tar, which was washed with water, 
acetone (8 c.c.), whence it crystallised (16% yield) [4% after 3 recrystallisatior 

Ihe maroon crystals had m. p. 224 lecomp.) with prev 
H, 5-1 Cy7H,,ON,1 requires C, 62:3 H, 485%) rhe 


itised a bromoiodide emulsion. 
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was boiled for 20 min,, then poured into a 


4-28 g 


+. 
200 €.c.,) The washed product 
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299. leactions of Organic Azides, Part V. The Schmidt Reaction 
with Fluorenones. The Structure of the Intermediate in the Ketoni 
Schmidt Reaction. 


conversion | | fluorenor Oo phenar idone b 
f the Schmidt ction, is described here i nple correlation 


the electroni lars , or bulk, of a phenylene ring in a fluorenone, 
migratory tud he data now avail »in ] ture provide 
is exceptions to Smith uggeste ru *% that, in the Schmidt 

vith an unsymmetrical ketone, the group hav ie larger bulk in 
hbourhood of the keto-carbon atom migrates pr rentially 

hown that mith mechanism, which 1 | aen I ion and 
of reaction intermediate impro ) An intermediate 

i ring 


ritiet 1 


3-substituted fluoren-9-ols with hydrazoic and sulphuric a 

of the corresponding 2- and 7- or 3- and 6-substituted phenanthridine 

Part [11.4 The conversion, by the Schmidt reaction, of three mono 

nto pairs of isomeric phenanthridones is now reported 

vas unable to isolate a pure product from the reaction of sodium azide with 
--methoxyfluorenone in sulphuric acid. By the addition of this fluorenone t 
hydrazoic acid in chloroform together with sulphuric acid, there has now be 
1055, 1634 


70, 320 
2503 
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n and 7-methoxyphenanthric L: yield. In order to separats 
, the mixture was converted by pho ph rus oxychloride into the corresponding 
ithridines; the yield was almost quantit e, whence the ratio of 9-chloro-2 
hloro-7-methoxy-phenanthridine in the product must be nearly the same a 
hoxyphenanthridones in the origi mixture lractional crystalli 
loromethoxyphenanthridines 1 i antially equal amounts, whence: 
it the ratio of 2 hoxy] nanthrid in the original reaction 
<imately 1: ] 
2-nitrophenanthridone is thi e pl when a solution of 2-nitro 
huric acid is allowed to react with ; ion of hy« acid in benzene 
odium azide to a solution of 2-1 fluorenone in sulphuric acid, Walls ® 
/f nitrophenanthridones which o1 luction gave a mixture of amino 
ich he considered identica \ t t o In m the Schm 
ofluorenone; the latter mixture v ony , via diazotisatio) 
ind 7-hydroxyphenanthndon 
reaction by Wall method 


vacuum-sublimation of the product 


terial approximating in m. p. to that of t complex of ! 7-niti 
thridone reported by Nunn, Schofield, anc | ild,’ ar volatile fraction 
ubstantially of 2-nitrophenanthridone h t yiel o! rystalli 
hts of the fractions, 2- an j-nitroy in } concluded to 
he ratio 19: 1. 


he 2-isomer) with 3 fluorenone high yield of 


tional vacuum-sub! it ( whi 2 volatil 
tallisation, 3-nitrophenant lone. By the e of authenti 


, am. p.-composition curve was constructed, and by its use 3- and 
nthridone were found to have been formed in the ratio 69 

m of the Ketonic Schmidt Reaction.—Differ nm the jhol-olefin reaction 
he n ion ratios found for the phenanthridones f{ the three monosubstituted 
fluorenon abo differ markedly from thos: lati » the milarly substituted 
phenanthridines derived from the correspond I ctively 32:68; 3: 97 
6 : 94 (Part III 4 rhe relative rates with which t! ubstituted and unsubstituted ring 
migrate during the rearrangement of the proton whether ived from fluorenol 
is directly given by the ra f yields of the corresponding 

r phenanthridones). It is shi tatively, in Part III, that th 


(Ol 
Ids of isomeric phenanthridin« elated to the capacities of the 


at their point of attac! f has been found possil 
titative ! u te t ! which rates of 
hmidt 1 tior f tl ne ! t correlated with 


qual 


yf the protonated azid ! fron 2. (or 3-) substituted 

nigration of ring A is depend: lectron-availability at the 

1 to Cy,,, and a measure of the “ | inent ’’ (J and M) part of this 

‘the pK value of the correspo 1. or 5-substituted diphenyl-2 

Similarly, the electron-densi i oint of attachment of B to 

rate of migration of rin value of the corr 
tituted diphenyl-2-carbox 


1500 Arcus, Coombs, and Evans : 


On adapting the Hammett relation to a diphenyl system, and writing the rates of 
migration of A and B as ky, kg, and that of the unsubstituted phenylene ring [as in (1) with 
H} as ky, and the pK values of the appropriate diphenyl-2-carboxylic acids as pK,, 
pKy, pKy, we have 
log (ka /ky) (pK, pKy) 


log (ky/Ry) (pK, pK x 
a constant, whence 
log (k4/ky) = r(pK, — pKp 


lhe ratio of the rate constants is the same as the ratio in which the products are 
nce the latter arise from a common precursor (1), whence 


0 


of product from migration of A 
O8 | 7 


0 los BP Te 

/, of product from migration of B (pK, pA») 

ociation constants are available for diphenyl-2-carboxylic acids except that for 

ubstituted acid. However, Berliner and Blommers*® have shown that the pK 

for diphenyl-4-carboxylic acids, substituted in positions 3’ and 4’, and those for 
imilarly substituted in the meta- and the para-position, are related | 
ving a = 0-37 


pK xe pKye a(pk x1 pKy 


X2 denotes diphenyl-4-carboxylic acid with substituent X, X1 denotes benzoic acid 


with the corresponding substituent, Y2 denotes diphenyl-4-carboxylic acid with substituent 
y, and YI denotes benzoic acid with the corresponding substituent 

In order to estimate values for the substituted diphenyl-2-carboxylic acids, tw 
issumptions have been mad that the strength of diphenyl-2-carboxylic acid i 
nfluenced by substituents in the 3’- and 4’ positions to the same extent as is that of the 
t-carboxylic acid; and that substituents in positions 4 and 5 influence the strength of 
liphenyl-2-carboxylic acid to the same extent as they do that of benzoic acid. Then, 
taking Y H in (1), and inserting pKye pX (3-4597) for dipheny!-2-carboxylic acid,*® 
ind pKy; pK (42027) for benzoic acid,’ pKy, can be evaluated for 4-, 5-, 3’-, and 
t’-substituted diphenyl-2-carboxylic acids by inserting the values of pA, appropriate to 
the corresponding meta- and para-substituted benzoic acids }° and employing the valu 

1-00 for 4- and 5-substituted and a = 0-37 for 3’- and 4’-substituted diphenyl-2 

ylic acid by this means the following pK values have been estimated 


> carboxvlic acid 4 NO, 5-NO, 4-Me 5-Me 4-MeQ) 


2-751 2-682 3°629 3630 3°345 


Me 4’ i’-MeO 
3-485 3-52! 3-559 


) thie igure, for the reactions of five 2- or 3 substit ited fluoren 0 ols reported in 
[11 * and for the three fluorenones above, the logarithms of the product ratios hav 
plotted against the differences in the pK values for the corresponding diphenyl-2 

ic acid rhe points relating to the fluorenols lie near a straight line to an extent 
vhich is considered, in view of the assumptions which have been made, to be adequate to 
establish a direct correlation between the rate of migration of a ring and the electro: 
density at its point of attachment to Cy). No such correlation is apparent for the point 
relating to the fluorenones 
The mechanism by which, it is considered, fluoren-9-ols react with hydrazoic and 
ulphuric acids is set out in Parts I,4* III,4 I1V."* Essentially similar mechanisms are 
Dippy and Lewis, /., 1937, 1426 
Berliner and Blommers, /, Amer. Chem. Soc., 1961, 78, 2479 
Dippy, Chem. Rev., 1939, 25, 151 
Arcus and Mesley, J., 1953, 178 
' nd Lucken, /., 1955, 1634 
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nation of the result 
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Hydration of the product from 
of Schmidt reactions with u mmetrical ketones, 
; mechanism was proposed, shows that ther: 


are numerous Cxce| 
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nl 
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it at nearly the sam«¢ 
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following data have been recorded concerning keto 
mediate vicinity ol 
ivl ketone 


l which are not symmetrical 
the carbonyl group. Smith and Horwitz ® found, for a seri¢ 
, that the relative extent of migration of the alkyl group increase 
Me Pr' But (the course of the reaction with fert.-butyl ketone 

rhe substituted carbon atom migrates preferentially during th: 
ubstituted cyclopentanones and cyclohexanon 


and '% have found the phenyl group to migrate to the 
extent in the Schmidt reactions of a series of ketones C,H,*CO*CH,X 
ents the electron-attracting substituents CN, CO-NH,, CO-NHPh, NO, 


also of 2 cvanoc vcli 
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an ortho-substituted ary] 
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migrates preferentially, an 


larger group 
Ihe reactions of a numbe 


in 
r of ketones Ar-CO*Ph, in 
group or an analogous polycyclic group, have 
With the following the larger group migrates preferentially 2-nitro 
6-trimethyl-benzophenone ; *° 3-benzoyl-2 : 5-dimethylthiophen.™* — In the 
maller group migrates preferentially : 2-methyl-, 2-chloro-, 2-bromo-benzo 
i-benzoylnaphthalene ; *4 1-benzoylphenanthrene.** ‘The reaction of o-aroy! 


has been shown to proceed via a cyclic cation the formation of which involv 
ntion of the carboxyl group, whence these compounds cannot be regarded a 
tituted b nzophe nones 


ilts cited above do not lead to simple rule prediction of migratory 
the ketonic Schmidt reaction; bulk in the vicinity of the 

ut two of the instances for which thi 
phenyl ketone 


f the 


urbonyl group may 


is most apparent, the reactions of th 
and w-substituted acetophenones, are suc! 


alkyl groups could be regarded as being promoted b 
inhibited by inductive electron-withdrawal 


es not state explicitly at what point the cation (VI 
acid reagent commonly used in the 


i that the migratory 
inductive electror 


up a molecul 
entrated sulphur 
but 1 inlikely to liberat 
concluded that thi te 
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Schmidt reaction 
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| Paviak, |], Amer. Chem. § 1955, 77, 2501 
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nd Rossi, Gazzetta, 1951, 8], 511 
timer. Chem. Soc., 1954, 76, 431 
Howard, and Simons, /., 1952, 2849 
i Smith, /. Org. Chem., 1949, 14, 179 
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circumstance offers a means of testing the validity of the mechanism, for replacement of 
water by methanol as nucleophilic diluent would be expected to lead to the formation of 
the methoxy-compound (VIII i fiuorenone is used, then a 9 
methoxyphenanthridine (IX) is the expected product on Smith's 
mechanism 

The test was first made with 2-nitrofluorenone; part of the 
sulphuric acid solution from the Schmidt reaction was poured into 


MeO _ N 


(x) dry methanol and part into ice and water: each gave a mixture 
of 2- and 7-nitrophenanthridon The test was then carried out 
with fluorenone, which yields a single product, phenanthridone. It was originally 
intended to employ sulphuric acid containing sufficient free sulphur trioxide to combine 
with the water supposed to be eliminated as in (I\ > (\), but this reagent was found 
to sulphonate fluorenone completely. Reaction was therefore effected in 100% sulphuri 
icid; fluorenone dissolved in this acid, but, on dilution of the solution with water, 99-5 
was recovered. The sulphuric acid solution from the Schmidt reaction was added to cold, 
dry methanol; phenanthridone was precipitated, and a pure specimen was obtained by 
recrystallisation from the non-hydroxylic solvent tolue: 
rhere appears to be no probable mechanism whereby 9-methoxyphenanthridine, if it 
were formed during the above procedure, could become converted into phenanthridone 
However, this compound has been prepared by the reaction of 9-chlorophenanthridine with 
methanolic sodium methoxide; a solution of 9-methoxyphenanthridine in methanoli 


} 
ilphuric acid containing 1 mol. of water relative to the methoxy-compound gave no 
precipitate, and 94% of the 9-methoxyphenanthridine was recovered 

[It is concluded that neither re-hydration of (VI), nor the formation of (V) by 
dehydration, takes place during the Schmidt reactio 

rhe following structure is proposed for the intermediate in the ketonic Schmidt reaction 
Inspection of a model of the protonated azide (I\ ows that the hydrogen atom bonded 
to nitrogen closely approaches the hydroxylic oxygen atom when the molecule is in the 
conformations (X) and (XI), and it is suggested that a hydrogen bond is formed between 
the nitrogen and the oxygen atom, giving rise to a four-membered ring. The ring nitrogen 


(x1) 


nsic possess a pyramidal configuration, whence two geometrically isomeric 
forms, spatially represented in (X) and (XI), are possible for the protonated azide. The 
tructures which contribute to the hydrogen bond are shown in (XII) and (XIII) 

Che group which is trans to the N,-group migrates when the latter separates; form (X) 
thus yields R’*CO:-NHR, and form (XI) yields R-CO-NHR Both (X) and (X1) possess 
‘an optical isomer, and each is representative of a racemic mixture; however, this is not 
relevant to the mechanism. | 

The configuration of the >N-N,* unit relative to the groups R and R’ would be 
expected to depend partly on the polar force betwee ess tructure and partly on the 
bulk of these groups in the neighbourhood of the unit 

2: 7-Dinitrophenanthridine.—This compound has been synthesised by the following 
method the Schmidt reaction with 2: 7-dinitrofluorenone® gave 2: 7-dinitrophen 


anthridone this was converted into 9-chloro-2 : 7-dir itrophenanthridine and thence 
via the toluene-f-sulphonhydrazide, into 2 : 7-dinitrophenanthridine 
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EXPERIMENTAI 

M. p.s are corrected 

preparation of 2-methoxy-, 2-nitro-, and 3-nitro-fluorenone has been described.™ 
hmidt Reaction.--2-Methoxyfluorenone. Sulphuric acid (98%; 22 ml.) wa 

rf) cooled and stirred suspension of sodium azide (7-3 g.) in chloroform (75 
the temperature was raised to 25° and 2-methoxyfluorenone (15-6 g.) wa 


Miihh., 


portions during 2hr. After a further hour, water was added and the whole was shake: 
eparated a brown solid (12-4 g.), m, p. 195—215°, which was collected, dried, and sublim 
it 200°/0-001 mm, Eight fractions of a cream-coloured microcrystalline solid (5-95 g.) wer 
btained, all of which melted within the range 229—-241°; the non-volatile black residu 


0-50 g.), m Pp 237—241°, on 


(4-0 g.) contained nitrogen and sulphur. The last fraction 
recrystallisation from pyridine gave needles of 2- and 7-metho> yphenanthridone (0-35 g.), m. } 
130--242° (Found: C, 74-4; H, 495; N, 64. Calc. for C,,H,,O,N: C, 74-65; H, 4-9; 
rhe rest of the sublimate was heated under reflux for 44 hr. with phosphorus oxychloride 
and the solution was cooled and poured on ice; the precipitate (5-55 g.), m. p. 104 
collected, dried, and fractionally crystallised from light petroleum (b. p. 60-——80°, 
[he first crop (2-4 g.), m. p. 133-—135°, yielded on recrystallisation 9-chloro-2 
henanthridine (1-7 g.), m. p, 136-137 Further crops (2-6 g., m. p.s in the range 
gave on recrystallisation 9-chloro-7-methoxyphenanthridine (1-95 g.), m. p. 101 
137-5° for 9-chloro-2 


Vad 


ed to 104° by a second recrystallisation. Walls ®> records m 
107° for 9-chloro-7-methoxy phenanthridine. 
2-nitrofluorenone (5-0 g.) in sulphuric acid 


lyvofluovenone. To a stirred solution of 
After a further 30 min. the solution 


t 0°, sodium azide (2-8 g.) was added during i hr 

1 on ice, and the yellow solid which separated (5-3 g.), m. p. 326—-336°, was collected, 

and dried, This material (500 mg.) was sublimed at 210°/0-5 mm. in 11 fraction 
308° and on crystallisation from pyridine formed a 


ir (total 30 mg.) melted at 282 
the last 7 fractions (total, 390 mg 


talline powder (20 mg.) having m. p. 298-303 
342°, on recrystallisation from pyridine yielded 2-nitrophenanthridone (230 mg.), 
Nunn, Schofield, and Theobald’? record m. p. 357-—358° for 2-nitrophenanthridone 

286-—-287° for the 1 : 2 complex of 2- and 7-nitrophenanthridone 

tallisation from pyridine (700 ml.) of the crude material (25 g.; m. p. 325-335") from 

ond experiment, with 25 g. of 2-nitrofluorenone, yielded 2-nitrophenanthridone (15 

m. p. 3568359 rhe conversion of this specimen into 9-chloro-2-nitrophenanthridine, 


thence into 2-nitrophenanthridine is described in Part ILL.4 


Methanol (700 ml.) was heated for 4 hr. under reflux with, then distilled from, freshly ignited 
3g.) and a crystal of 


quicklime (140 g.); 50 ml, of the distillate were warmed with magnesium (3 g 


odine a vigorous reaction occurred, and the solution of magnesium methoxide was the 


vided to the rest of the distillate which was then heated under reflux Next, the methanol w 
d into a thoroughly dried three-necked flask fitted with a dropping funnel and a mercut 
odium azide, and 


ed 


tirret Meanwhile, the reaction between 2-nitrofluorenone (5-0 g.), 
above Che greater part of the sulphuric acid solution wa 


vic acid was carried out 
The precipitate 


| dropwise to the stirred methanol, which was cooled in ice and salt 
ted, washed with absolute ethanol, then with light petroleum and dried in an oven 

329 Che rest of the sulphuric acid solution was poured on ice and 
p. 321-—325°, and m, p. 322--326° when mixed with the product 
p. of the latter product is attributed to the 


had m, p, 325 
product having m 
methanol-dilution, The slightly higher m 


traction of impurities by the methanol 


3-Nitrofluorenone (M. p.s in this section are uncorrected.) This compound (5-0 g.) wa 
2-isomer, Of the product 


ted to the Schmidt reaction by the procedure described for the 2 
p. about 340°, 4-7 g. were sublimed at 220°/0-1 mm, in 22 fractions, all yellow powders 


t black amorphous solid Fraction 4 (15 mg.), m. p. 333-—340°, was analysed 


H, 3-55 Cale. for ¢ rat lg! JaNg C, 65-0; H, 3-35% rhe highe t-meltin 
56 mg.), m. p. 365—367°, on crystallisation from pyridine yielded 3-nitrophen 
374° alone and when mixed with th 


e (38 mg.), cream-coloured needles, m Pp 372 


ompound, having m, p. 372°, prepared by the nitration of phenanthridone according 
ind Huntress.™ ‘The first, and lowest-melting, fraction (83 mg 334 
on from pyridine yielded yellow needles (41 mg.), m. p. 333-335", of (below 


/., 1964, 3977 
/ lmer Ch So 1927 49, 1332 


j 
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by the use of authentic specimens of 


1 eutectic mixture of 3- and 6-nitrophenanthridone 
prepared as described in Part III 4), 


6-nitrophenanthridone (the latter, m. p. 368°, was 


osition curve was constructed by the method previously given; * the electrically 


con } 
60 
344° 
345 


20 
360 


dvo5 


p. apparatus was preheated to 320°. ‘The facts that the m. p. of the first fraction is 
arly that of the eutectic, and that 
the highest-melting fraction, demonstrate ll the 


This was verified by determination of m. p.s 
ne rhe compositions of the fractions 


o contain 2-43 g. of 3- and 1-10 ¢ 


68%, of 3-nitrophenanthridone was isolated 
from fractions to contain 60% of 
more of the 3-isomer. of mixtures of an inter 
mediate fraction with 3- and with 6-nitrophenanthrid 

! | off from the curve, whence the sublimate was found t 


nitrophenanthridone. 
2: 7-Dinitrofluorene ™ (45 zg glacial acetic acid (1-5 1.), and 
wv 75 min., and allowed to cool The 


and crystallised from pyridine (700 m1.) ; 


2: 7-Dinitrofluorenone 
chromium trioxide (36 g.) were heated under reflux 
which separated was collected, washed with water 
yielded yellow needles of 2: 7-dinitrofluorenone (30 g.), m. p. 205-—296° (Schultz ” record 

but gives no details of the preparation Keaction of this compound (156-0 g 
id and sodium azide according to Walls® gave 7-dinitrophenanthridone 


with sulpl aci 

15-6 g.), 0 - 380°, which was converted into 9-chloro-2 : 7-dinitrophenanthridine (10:5 g.), 
m 225— 227°, by the method of Albert,™ who records m., p. 225”. 

olution of this compound (10-5 g.) and toluene-p-sulphonhydrazide (10-0 g.) in chloroform 

, and the crystalline prec ipitate 


boiled under reflux for 60 hr. in the course of 5 day 
0-5n-sodium hydroxide (1-5 1.) it gave an 


RO volved nitrogen After 80 min. the 
ind extracted with boiling 5n-hydrochlori 
exce of 5 odium hydroxide ; ther: 
ublimed in vacuo: the sublimate 


m, p. 291 292 


p. 200° (decomp.), was collected. 
ispension which when stirred at 


ooled, and the solid was collected 


[he extracts were poured into an 
e solid (3-0 g.), m. p, 200-—-300°, which 


from chlorobenzene, yielded 2: 7-di1 


8-2; H, 2-6; N, 15-3. C,,H,O,N, requ sO 
thanol dilution. TF luorenone 
4) 5% of free SQ, ; 15 ml.), and tl oluti is poured on ice; a cleat 
resulted. Sulphuric acid (100° ired by the following method 
observations; * to ac id somewhat bek I trength, oleum (20%, of free 


thyvidis yellow needles, m. | 
H, 2-6; N, 16-6%) 
lved in oleum (containing 


[vO 1) 


idded from a burette until a permanent f yitained ilphuric acid (95 
ly added until fuming just ceased Ch ul so prepared had dif} 1-8393; Fairli 


i}%* 1-8391 for 100-0%, sulphuric acid. 
2-042 g.) was stirred with ice-cold 


> 


renome icid (100%; 15 ml.) for | hi Lhe 

lution was poured on ice; the solid which 
vith water, and dried, in air at 38°, 
olution of fluorenone [distilled, and recry 
100%, ; 60 g.), in a flask protected by a 


25 g.) was added from a closed hopper 


rated was collected in a sintered glass 
vashed then in vacuo, to constant weight (2-029 ¢ 
tirred ised from benzene-light petroleum 
10-60°); m. p. 83°; 4-5 g.) in sulphuric acid 
i chloride tube and cooled in ice, sodium azide 
1} hi tirring was continued for a further hv rhe solution was then added drop 
hilled dry methanol (650 ml.) prepared an as described for 2-nitrofluorenone 
olid separated; it was collected, washed methanol and with light petroleum 
i0.60°), and dried tn vacuo; the greater part Oluble in hot toluene (dried o 
340 ml. of boiling toluene dissolve 1-0 g. of phenanthridone) from which 


llised rhe experiment was repeated 


if 
There were obtained 


a t recrystalin 

m. p : * m mixed m, p. * 

4 200°5 291 203 { 03 204— 294-5 
287-5 291 ) 93 -5-—204°5 


With a standard specimen « 


inn. Chim. (France), 1930, 14 
innalen, 1880, 208, 104 
/, 1948, 1284 
J. 1946, 585 
| \cid Manufa ein) i] " ew ‘ 1936, p. 611 


I 
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ithridone (2-0 g.) and phosphorus oxychloride (10 ml.) were boiled under reflux for 

Lhe solution was poured into stirred ice~water; stirring was continued for 1 hr. and the 
product was collected, dried in vacuo, and extracted with ether (60 ml.). The extract 
ed 9-chlorophenanthridine (1-8 g.), m. p. 115—116°, and m. p. 118-5° after repeated 


! 
tallisation from ether (Graebe and Wander * record m. p. 116-5°). Preparations on a 


r scale gave smaller percentage yields 
im (1-54 g.) was allowed to react with dry methanol (61 ml.), and to the cooled solution 


ided 9-chlorophenanthridine (13-0 g.); the whole was boiled under reflux for 1 hr. and 
into ice~water, ‘The solid which separated was collected, washed, and dried in vacuo 
iter part of the product dissolved in hot light petroleum (b. p. 60-—-80°), whence separated 
yphenanthridine (11-0 g., m. p. 42-—48°) which, after further recrystallisation, formed 
m, p. 645° (Found; C, 80-25; H, 5-35; N, 66. C,,H,,ON requires C, 80-35; H, 5-3 


lution of 9-methoxyphenanthridine (5-190 g.) in dry methanol (95 ml.) was added to a 
8°, prepared from dry methanol (600 ml.), sulphuric acid (100%,, 30 ml 
After 15 min., during which it remained 


cooled to 
and »N-sOlution of water in methanol (6-0 ml.). 
clear, the solution was poured into a stirred mixture of sodium carbonate (127 g.) and ice (14 kg 
water was added and the whole was extracted with light petroleum (b. p. 40—60 
The extract was washed with aqueous sodium carbonate, and with water, and 
(Na,5O,), and the solvent distilled The 9-methoxyphenanthridine so recovered was 
icuo over sulphuric acid and paraffin wax to constant weight (4-881 g.); it had m. p 
60-80"), m, p. 54°, mixed 


ny 


After | 


150 mil.) 


1) 


id, after three recrystallisations from light petroleum (b. p 


4 — 
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The Production of Active Solids by Thermal Decomposition. 
Part VIII.* Caleination of Calcium Hydroxide. 


R (;LASSON 
The specific surface, S, of the product obtained by calcining calcium 
ydroxide (a) for a fixed time of 5 hours at different temperatures, (b) for 
at each of a number of fixed temperatures, has been measured 
nitrogen (and occasionally of oxygen) at 183 X-Ray 
n taken At lower 


anous time 
by sorption of 
powder photographs of certain calcined samples have bee 

notably 350-—500° in vacuo, the decomposition 


Ucination temperatures, 
this is ascribed 


of the calcium hydroxide results in a several-fold increase in 

the newly formed calcium oxide being activated when 
data) it recrystallises from a pseudo-lattice of calcium hydroxide to 
stable lattice structure. The 


according to the 


ray 
mall individual crystals having a more 
urface ultimately decreases on further calcination because of sintering 


pecife 
by an increase in temperature 


f the calcium oxide, which is enhanced 


Kecrystallisation of the calcium oxide is apparently inhibited by traces of 


hemisorbed carbon dioxide and water, particularly below 500° in air. 


calcium oxide varying considerab! 


the decomposition 


LAL di 
ice activity according to the te mperature and time of calcination 
roves suitable for demonstrating changes in physical structure postulated in Part I! 
xlucts of reactions of typ Solid A 2 Solid Ga The specific surlace 
amples were determined, and X-ray 
rhe results show that the calcium 


lecomposition of calcium hydroxide produce 


| volatile-matter contents of the calcined 


photographs of certain samples were taken 


Vil J 1955, 3804 
]., 1963, 3940 


Part Vill. L507 
alci1um hydroxide, t.e 
activated oxide sinters 


lective Solids by Thermal Decomposition. 


the « 


d after its product 
ola p j lattice the 


1956 
6, 1s activat ‘ 
through recrystallisation 


lation 
batc! btained from Brits 
of adsorbed 1:13°%%) measurabk 
of 24-43°, occurred 
f 90-5° 


material was a le 
small amounts by 
below 200°. An additional w } ol 
on a thermal balance ?# it ) a composition o 


1000 
of CaCO, for the dried materi 
by sorption of nitrogen and of 

1] hit ila 


yntained 


‘0 and 5° 


area W 
nitroge 


cu 
ce 


ot the 


Details 


are given in Part IJ.3 
eparate portions of the calciun ly le wel w Shi { sucee 
vacuo ‘ pti ) I it 350°, 450 an 

H00 id 1000 lurther 


lure 
on al 
700°, 800 
{) soo", 450", and 


temperatures either in 
electrical furnace (at 450 
for varying period t 200 50", 300 
450 
urface, S, of the é orptior therms of nitroge: 
" vere first determined 
he limb of the 


ined 


per ini 
an oxygen 


183° and up to ay 
np the electri al sor] ti 
i liquid-oxygen bath, t 
. t I oa relative 

0-3 


1 
rrounded by 
nometer illowed for 


remained const 


this temperature Phe 


ef rr 
were of type II (B.1} f 

) lculated \ ; procedure 
<ygen and of nitrogen 


isotherms, S I 
; of isotherms 


ittain 


near unity, 
d the nitrogen 
lues of 14-1 A? and 17-0 A® for the cr 
ve agreement thin ca. 5% in the value 


alcination for 
corresponding curvy 


the percel tag 


roximate! 


th 


urface 
vacuum . 
McCrea al 
itior ) 
I ap} 


decomposition a 
trie LCCOMPposi 
decrea 


big. la the specific 
temperature of the 


r the percentage 


rea reaching a maximum é 

1A’,Band B’,CandC’,Da thereafter it 

The system thu t further ’ 
urlace j lore constitute 

I lecomposition 


1h) fo 


T 


calcination 
cribed in Part I,! and t] 
i atoa sinteru 


| 
cle 


ribed to an increase 


npared with the initial 


a In 


position 


decomp 
thie 


thy 


D) move rog 
thie econd that 


the fu 
‘ Witti if ae | tu Liitu 

fe of sintering, a8 measured by 
does not great 


i 


increas 


activation 
sintered 


howe Tri 
‘ la time gra} 


ntering branche of the 
erature 


urface, S 


extensively 
temp 

and in | i”. & l IMpo ition, 1 plotted 
| for ini ilway hows a maximum 
just complete in the 


t} pecifi 
calcined f 
f | ition 3 


} 
temperature for samples 
it about the temperature 
oy In accord with Part 
proportior 


Wl 
irea at first increase with 


Kide are decompo ed in a 


increasing 


or slightly im pe 


) having pertes 
Vinsor, Analyst, 1945, 70 
1 Hill, /., 1953, 3945 
1046, 561 
Deming, Deming } elle! ] imer. ( 1940, 62 1723 
i , 1938, 60, 309 


Emmett, and 


Glasson: Lhe Production of 


but it decreases on further rise in temperature when the calcium oxide sinter 


lly and for longer periods 
plot of specific surface against the percentage decomposition, m, in Fig. 3a 
he interesting fact that, whilst S is approximately proportional to m for about the 
) increases much more rapidly than m for the last 20 


of the decomposition, yet 
side first formed ha 


e might have been expected in that the calcium o 
had progressively longer in which to sinter, and a curve concave to the m axi 
the decomposition of 


ri 


not be surprising. A similar anomaly was found during 


magnesium hydroxide 7 and may be similarly explained: the calcium oxide when first 


formed has a pseudo-lattice of calcium hydroxide, and recrystallises, but only at a limited 


hydroxide ample calcein n icuo lic. Z Samples alcined for periods tin i 


ut various temperature al temperatures between 200° and 500 


400 [ 


aor 


o- Le omposition at 500° complete (n Va hr. 


g A . ————— 
jso* 


oO é a 1 J 
2700 250 I00 400 450 S500 


Temp. of calcination (°c) 
Time (hr.) 


ate, to true calcium oxide which subsequently sinters. Since the recrystallisation increases 


the time lag in the recrystallisation explains the fact that the production of new surface 


d the decomposition 
lhe state of affairs is strikingly illustrated in Fig. 34, which plots the specific surfac 


of the calcium oxide itself (S’ has been calculated from S by subtracting the area of the 


calcium hydroxide, assumed to be proportional to the weight present). During th 


lecomposition of the last 20%, of the calcium hydroxide, S’ increases, corresponding to 

the expected recrystallisation of the pseudo-lattice. 
This explanation is supported by X-ray data 

} hr. and having the composition (calculated from the percentage decomposition) Ca(OH), 

10) CaO, 60 nevertheless showed the powder pattern corresponding to almost 100 

| 


amples showed for variou 


a sample calcined im vacuo at 450° for 


OH), The X-radiograms of completely decom pos¢ 


ind Wheatley, / 1055, 46 


(1956) Active Solids by Thermal Decomposition. Part VIII. 1509 


temperatures the weak and broadened lines to be expected for very small crystallites in 
random orientation, and thus qualitatively supported the specific-surface data.) 

In Fig. 4, the specific surface, S, is plotted against the temperature for samples calcined 
for 5 hr. in air; S continuously decreases with increasing calcination temperature, so that 
as in the “ vacuum "” experiments, sintering of the calcium oxide is enhanced by increase 
in temperature. In calcinations between 550° and 900°, nearly all the calcium oxide is 
produced within the first few minutes, yet decomposition is not quite complete even after 
5 hr., the volatile-matter contents of the samples generally showing temperature variations 


Fic. 3. Samples heated in vi uf 350° and 450 


andbemewe = 4 
«a 
80 100 a 


Lecompo 


48 


‘ 


ination of calcium hydroxide healed 
for 6 hr. in air 


urface calc. from 


c 


‘, isotherms, O, iwothern 


volatile-matter content 


itent 


“~ 
S$ 
) JUPZWOD 493)0 w-2//20704 


Specific surfa 


% 


( 


Oo i i aay o 
400 $00 600 FOO 800 90 000 


Temp. of calcination (%) 


lar to those of S in Fig. 4 This suggest iat or magnesium oxide, the rate of 


intering is controlled by the removal of trace { carbon dioxide chemisorbed 
on the surface of the micro-regions; indications of a break in the specific surface curve at 
700° are probably caused by the rate of sintering being mainly dependent on remoyal of 
vater below thi temperature and of carbon dioxide above ( g. 4), a larger energy of 
ictivation for the latter process causing greater prop ises in S between 700 
and 900 the higher volatile-matter content f nples caleine d at 450° and 500 
(Table | rtly arise from carbonation of small amounts of the calcium oxide during 
ulcination ne he dissociation pressure of calciu rbonate is less than the partial 
atmospheric carbon dioxide); thes have remarkably lower specific 
urface areas than those calcined in vacuo for hr., although over 97% of the calcium 


lroxide is decomposed in all cases (Table | imilar differences in S are also shown 


L510 


[he last results appear contrary to expectation in that tl 
owly in air than im vacuo at the same temperature a1 


Active Solids by Thermal Decomposition. Part VIII, 


decomposition is far from complete, ¢.g., at 40°, decomposition in air and im vacuo 
14-1 and 35°5 m.* g.-!, respectively 

he calcium oxide is produce 
nd subsequently has shorter 


sinter. During the decomposition in air, however, the water-vapour 


FABLE | 


m.* g.~) for sample 
calcined in 
4 
air acuum H,O 
28-0 72-2 0-92 
Is-6 65-0 0-36 


ration gradients along the capillary passages in the will probably be smaller 


ver rates of nucleation in the recrystallisation of t] 
the number of calcium oxid cro-regions and in S than i 


is smaller increases in 
cuum experiment the greater average micro-region size of the calcium 


ited by the absence of line-broadening in the X-radiograms of the sample decompose 
150 Nucleation may also be inhibited in air by the surface layer of chemisorbed 


ite and of water (probably present as hydroxyl groups on the surface rather than 


cium oxide pseudo-lattics 


ilcium hydroxide). Jn vacuo, atmospheric carbon dioxide is excluded and the 
your evolved is rapidly removed so that recombination with the newly formed 

minimised Ihe last traces of water are, however, still held witl 
ble tenacity (Table 2). But the proportion of solid surfaces covered by thi 


iter, 9, is small and can have little effect on the rate of nucleation 


I 
de | 


ABLE 2. 
emy if calcination 
Water content 


r uv 
' , 


en the rate 


of residual 


yn lhe calcination of lime is an examp! iviour descr 
in which the curves of specific surface again perature of calcinatio 
decomposition 1s just 


how maxima at or near the temperatur 
\t temperatures below 500°, particularly im vacuo, the newly formed calcium 
ies activated by recrystallisation from a pseudo-lattice of calcium hydroxide 
ill individual crystals having a more stable latti Calcination continued 

enhanced b 


lete decomposition always caus¢ intering, the extent of which is 


temperature at least up to LOOO the sintering 1s concurrent with removal 


irl on aio ithe 


le from the irfaces ¢ he micro-regions, probabl 


d water and 
ere 


suthor thanks Dr, 5. J. Gregg for bringing this problem to his notice and for several 


Dr. G, H, Manning, of Imperial Chemical Industries Limited, for taking the X-ray 
ph the University of London Research Fund for the loan of apparatus he 
| Chemical Industries Research Fund for a grant for apparatu 
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Method for the Preparation of 9: 10-Disubstituted 


Anthracenes. 
By K. |ASPE! 


10-Disubstituted 9 : 10-dihydro-9 
the 


anthracenes, obtained 
he action of Grignard reagents up« 


| thraquinone, can be conveniently 
reduced by phenylhydrazine in acetic f 


uted anthracenes 


10-D1-(@-CARBOXYALKYL)ANTHRACENI equired for attempted acyloin ring 
ires of their dimethyl esters (1; ; ind tl msequent production of bridg 
9 ; 10-positions of anthracene neral 


i¢@Tail mM thod {o1 the yvntlhe is of 
has been published. 


Ut COM 


eulens A A ZA 
Ww 


T ] 
[CH,],;CO.Me [< H,],— —CH:OH 


The reaction 9; 10-dihydro-9 ; 10-disodioant 
produce any hydrolysable material, possibly 
yund analogous to that re ported for ethyl be 
bears on the w-position a relatively inert system 
nto a carboxy-group. Allyl bromide ha 


1¢ with w-halogeno-esters failed 
of acylation of the 


a halide is required which 


apable of being converted 
iccessfully to give a 35% yield 
oxidation of thi 


disodio Cot 


been empio 
10-dihydroanthracen¢ Hows 


f 


of 9: 10-diallyl-9 


ompound to 


4: 10-diallvlanthracene, by the use of benzoquit i¢@ or chloranil, gave only very 
vield 


Accordi 


irther reaction, 


poor 
Grignard reagents bearing w 
have been examined for activit 
ade of the reduction of the 9: 10-disubstituted 9: 10 
o obtained Phe method of Cook et al.* for th 
ilculated quantity of Grignard reagents gav oducible yields of the desired diol 
Hitherto, the most generally successful reduct liols has been to shake their 
limethyl ethers with an alkali metal for severa nethod failed with 0: 10-di 
allyl-9 : 10-diethoxy-9 : 10-dihydroanthracene, | dium being used, bt 
found that such diols, or their ethereal derivative ild be reduced smoothly bi 
hydrazine in acetic a id in $ hr. Ihe yields of 0: 10-disubstituted anthracenes (I11) from 
liprimary alkylanthracenediols are of the order of 60 
9: 10-Diallyl-9 : 10-dihydro-9 : 10-dihydrox. 
inquoted yield, was obtained in 73°, yield from 
exist in two isomeric forms, which were easi! eparated after 
Both diethyl derivatives absorb at 10-09 u and 10-05 u (allyl), and at 94 u (ethoxy) The 
mixture of diallylanthracenediols, and both yl and diethyl ethers, reacted with 
hydrazine in acetic acid to give a 65 inthracene 
10-09 ind 10-95 wu (allyl), and identical with e produc btained from 9: 10-dihydro 
inthracene The best obta 1 | j 


results were ng the reactants in the 
varming the solution rapidly until nitroge ind finally refluxing for 


Addition of the diol to a boiling solutio: lrazine in acetic acid lowered 


p. 195°; the spectral and 


w-cethereal groups capable ol 


inthraquinone, and a stud 
dihydro-# : 10-diliydroxyanthracene 


0 
1] 


of anthraquinone with twice the 


inthrace! 


rit prepared by Cook el al * in 


allyimagnesium bromide, and found to 


methylation or ethylation 
pheny 


absorbing at 


ind the ajor product WAS a 


Clark: A New Method jor the 


tical evidence suggested that this material was 9 
ny!)-10-allylanthracene (LV), resulting from a 1 
ng the reduction of the diallylanthracenediol. 
10-Diallylanthracene was isomerised smoothly to the 9 
absorbs at 10-33 » and must therefore contain the most 
figuration of the two double bonds (V). 


je 
{ ? 


3-N-acetyl-N’-phenylhydrazino 
; 7-anionotropic rearrangement, 


terically probable trans-H 
Bromination of both anthracenes, by either 


10 dipropenyl compound 


Hy 
CH; CH’ CH, NAc’ NHPh 


‘c=c7™ 
SH 


CHyCH:CH, 
(IV) 


V-bromosuccinimide, failed to yield identifiable product 


However, hydro 
ion of 9: 10-diallylanthracene in acetic acid 


or benzene, in the presence ol 
gave a 90%, yield of a dihydrobromide, which has an anthracene-type ultraviolet 
ption and must therefore be a 9: 10-bisbromopropylanthracene. It is hoped that thi 
xluct is, in fact, the ww’-dibrominated dipropylanthracene 
lard reactions into 9: 10-di-(4-carboxylbutyl)anthracene 
Ithoxypropylmagnesium bromide gave a 60%, yield of 9 
lihydro-9 : 10-dihydroxyanthracene. 
10-Dihydro-9 ; 10-dihydroxy-9 : 10-diundecenylanthracene was prepared in 10 
ield from undecenylmagnesium chloride, and gave a 67% yield of 9: 10-diundeceny! 
inthracene by the phenylhydrazine method Che three allyl absorption peaks of 5-42 uv 
LO-O09 ind 10-95 uw are all clearly shown in this anthracene 
é-Phenoxypropyl bromide and 4-phenoxybutyl bromide failed to yield recognisabl 
products with anthraquinone in the Grignard reaction 


ium in ether to give some gas, presumably cyclopropane,* and phenoxymagnesium 
In addition, | 


6-diphenoxyhexane was isolated in small yield, after attempted 
ith anthraquinone. The liberation of phenoxymagnesium bromide did not 


in the preparation of 4-phenoxybutylmagnesium bromide, and a clear Grignard 
olution was obtained. 


ice 


._ which can be converted by 


10-di-(3-ethoxypropy! 


The former reacted with 


rhis reagent has been reported to give a 30 
ophenone,® but only 1 ; 8-diphenoxyoctane was isolated 
anthra juinone 


vield of alcohol with 
after attempted reaction with 


ndary alkylmagnesium halides gave poor or no yields of 9: 10-dialkyl-9 : 10-d 


dro-¥ : 10-dihydroxyanthracen¢ isoPropylmagnesium chloride gave only a 5%, yield 
«pected diol, and the bromide no yield 


Reduction by phenylhydrazine gave a 29 
' +e 


10-ditsopropylanthracene, absorbing at 7°35 u. cycloHexylmagnesium bromidé 

with anthraquinone to give an unidentified oil, which would not distil, form solid 

or undergo reduction by phenylhydrazine Steric effects, and the well-known 
power of eyclohexylmagnesium halides, undoubtedly complicate this reaction 

el al.,* however, report the isolation of 9 : 10-dihydro-9 : 10-dihydroxy-9 : 10-dicyclo 

inthracene by the Grignard method. 


a model preparation, 9 : 10-dimethylanthracene wa pre pared in 57% yield (overall) 


inthraquinone by combination of the Grignard and the phenylhydrazine reduction 


I. XPERIMENTAI 


0: 10-Diallyl-9 : 10-dihydroanthvacene 


A mixture of anthracene (50 g.), broken glass (20 ¢.), 
ar ether 


600 ml.), and sodium powder (34-5 g.) was shaken under nitrogen for 3 days, and 


n, Greenlee, Derfer, and Loord, wbid., 1955, 20 
Delavigne, and Eliopoulo, Ann. Pharm. frang., 1952, 10, 181 
ind Mailhe, Compt nd., 1905, 141, 208 
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allyl bromide (72 g.) then added dropwise, with vigorous stirring and external cooling. Finally, 
the mixture was refluxed for 2 hr., cooled, and filtered, the residue being washed with dry ether 
(2 100 ml.). The combined ethereal solutions were washed with dilute hydrochloric acid, 
sodium carbonate solution, and water, dried (Na,SO,), and evaporated, ‘The residual viscous 
oil was dissolved in light petroleum (b. p. 60—80°), and kept for 3 days. After filtration, the 
solution was distilled, and the pale yellow fraction, b. p, 160-——170°/2——3 mm., collected (25-7 g., 
35%). For analysis, this compound was redistilled at 110--112°/0-04 mm., and a small portion 
again distilled from a bulb (Found; C, 91-9; H, 7-6. C,,H,, requires C, 92-3; H, 7:7%). 
Oxidation of 9: 10-Diallyl-9 : 10-dihydroanthracene rhis product (10-6 g.) and p-benzo 
quinone (8-8 g.) were refluxed for 3 hr. in dry xylene (100 ml.). After cooling overnight, the 
solution was filtered and evaporated to a tarry residue, which deposited a little solid during 
several days. This was crystallised repeatedly from alcohol (charcoal), to give light yellow 
needles of the diallylanthracene, m. p. 135-5°, strongly fluorescent in alcohol and benzene (Found 


C, 92-8; H, 7-1. CygHy, requires C, 93-0; H, 7-0° Light absorption : Amy, 2600, 3400, 
3580, 3750, and 4000 A (e 25,500, 2240, 4960, 7290, and 7480 respectively) Absorption also 


occurred at 10-09 u and 10-95 p (allyl). 
No improvement in yield was found on lengthening the reaction time, or substituting chlor 


anil for benzoquinone. A maleic anhydride adduct was prepared in xylene, and crystallised 
thereform as white needles, m. p, 240° (decomp.) (Found: C, 81-1; H, 5-5. Cy,HyO, requires 
C, 80-9; H, 5-6% 

9: 10-Diallyl-9 : 10-dihydro-9 : 10-dihydroxyanthracene Phis compound was prepared, with 


certain modifications, according to the procedure of Cook et al." A solution of allylmagnesium 
bromide was prepared’ by adding allyl bromide (121 g.), in dry ether (500 ml.), dropwise to 


magnesium turnings (72 g.) and ether (300 ml.), with vigorous stirring rhe rate of addition 


was adjusted to give a steady reflux (2—3 hr.). Stirring was continued for 2 hr., ether (500 ml.) 
At 0°, 


added, and the ethereal solution decanted from excess of magnesium into a second flask, 

and under vigorous stirring, anthraquinone (52 g.) was added in small portions (§ hr.), The 
stirring was continued for 3 hr., and the mixture stored overnight, a dark oil separating from the 
vith concentrated ammonium chloride 


green ethereal solution. Decomposition was effected 
product was washed with water, and 


solution, with cooling, and the ethereal solution of the 
separated from any precipitated anthraquinone. On 
This was dissolved in hot benzene and shaken with boiling sodium 
The benzene 


distillation, an oil remained, which 


crystallised on cooling 
hydrosulphite (dithionite) solution until the lower, aqueous layer was colourless 
solution was dried (Na,SO,) and distilled, yielding a light yellow oil which crystallised on tritur 
ation with light petroleum (b. p. 60-—80°), Reerystallisation from this solvent gave a mixture 
of the cis- and the trans-diol, m. p. 100-—110° (53-3 g., 73 

M ind 8-9: 10-Diallyl-9 : 10-dihydro-9 : 10-dimeth 
hydro-9 : 10-dihydroxyanthracene (5-4 g.) in dry methanol 
(5 ml.) containing sulphuric acid (5 drops), A fine white 


vanthracene.—9 : 10-Diallyl-9 : 10-di 
20 ml.) was shaken with methanol 
olid was precipitated at once, and 

| +} 


vas filtered off and washed with aqueous ammonia and methanol. The a-dimethoxy-compound 
eral times from benzene, forming fine white 


is insoluble in methanol, and was crystallised sev 
crystals (1:5 g.), m. p. 184° (Found: C, 82-7; H, 7-5. C,,H,,O, requires C, 82-5; H, 7-5%) 

} Hr. after deposition of the a-compound, macro-crystals began to be deposited, and this 
was allowed to proceed for}hr. The §-compound was filtered off and washed as before; it crystal 
lised from methanol as long white needles (2-3 g.), m. p. 92-5° (Found: C, 82-4; H, 76%). 

a- and 4-9: 10-Diallyl-9: 10-diethoxy-9 : 10-dihydroanthracene These two isomers were 
prepared, in the same manner as the methyl analogues, from ethanol, but reaction was slower 
Deposition of the «-isomer occurred only after } hr., and the fine white deposit was washed and 
crystallised from ethanol, small white crystals, m. p. 126°, being obtained (Found: C, 82-7; H, 
8-1. C,,H,,O, requires C, 82-7; H, 80%). The 6-form was deposited only after 2 hr., and 
crystallised from ethanol as long white needles, m. p. 76° (Found: C, 82-5; H, 80%). Light 
absorption : both isomers absorbed at 9-4 u (ethoxy), and at 10-09 and 10-95 y (allyl) 

9 : 10-Diallylanthracene.—All four of the above dimethyl and diethyl ethers reacted, as the 
diol mixture below, to yield 9: 10-diallylanthracene Che alkali-metal dealkoxylation * failed in 
the one instance in which it was tried, viz., on the a-diallyldiethoxy-compound, A mixture 
of 9: 10-diallyl-9 ; 10-dihydro-9 : 10-dihydroxyanthracene (32-2 g.), phenylhydrazine (60 ml.), 
and glacial acetic acid (260 ml.) was heated on the water-bath until the evolution of nitrogen 

Gilman and McGlumphy, Bull. Soc. chim. France, 1928, 43, 1322 
* Gensler, Behrmann, and Thomas, /, Amer. Chen 1051, 78, 1071 
* Anderson, Crawford, and Sherrill, thid., 1946, 68, 1204 
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then refluxed for } hr. Long yellow needles of 9: 10-diallylanthracen 
mixture, and were washed with a little acetic acid and ethanol (18-7 ¢g 
3, the compound was recrystallised from alcohol (charcoal) several times to 
m, p. 135-5° (Found: C, 92-9; H, 7:1 CopH,, requires C, 93-0 


f 9: 10-diallylanthracene were halved when the diallyl-diol was added, in small 


1 boiling solution of phenylhydrazine in acetic acid The main product was an 

low powder, which was recrystallised repeatedly from alcohol for analysis, m. p 

troscopic and analytical data indicated that it was 9-(3-) elyl-N’-phenylhydrazin 
10-allylanthvacene (Voune C, 83-0; H, 65; N, 6-75 eptlygON, requires C, 82-75 ; 
Light absorption : Apa. 2600, 3250, 3625, 3770, and 4000 A (e 30,000, 1290, 
1400, 6600, and 6200, respectively) Absorption also occurred at 3-1 (NH), 6-01 (amide), 10-33 

wmns-H 110-1 and 11-0 u (allyl 

10-Dipropenylanthracenc 9: 10-Diallylanthracene (3-35 g eated at reflux temper 
th ethanol (120 ml) and potassium hydroxide (10 g.) for 12 hi Green needles of the 
j ympound crystallised and were filtered off and washed with hot water (yield 
crystallisation from alcohol (charcoal) gave pale green needles, m. p. 166° (Found 
H 9. CygH,, requires C, 93-0; H, 70%). Light absorption : Amey, 2550, 3850, and 

4,000, 10,200, and 9300, respectively Absorption also occurred at 10-33 u (trans-H 
x-bromopropyl) anthracene Glacial acetic acid (100 ml vas saturated at below 

ydrobromic acid, from a tetralin generator, and perphthalic acid (0-1 g.) added 
lanthracene (5 g.) was added, and the mixture warmed As the unsaturated com 

ed, reaction took place, and finally the evolution of hydrobromi acid ceased a 
refluxed. Dark green crystals were deposited when the mixture cooled, and these 

ted and crystallised from alcohol (1 1.) (yield, 7:3 ¢., The di(bromopropyl 
recrystallised several times for analysis, forming li 1 needles, m. p, 181-5 

0; H, 49; Br, 38-2. C,,H,,Br, “9 ey 57-1: H Br, 381%) Light 
2600, 3425, 3600, 3800, and 4000 A (e 34,300, 4480, 03° 14,000, and 14,360 
10-Lihydro-9 : 10-dihydroxy-9 : 10-diundecenylanthracene nyl chloride® (27 g.) 
er (70 ml.) was added dropwise to magnesium (3-4 g.) in ether (15 ml.) A small 
llyl bromide was needed to initiate the reaction he Grignard solution was then 
cooled 1 ether (150 ml.) added, and anthraquinone (7-42 g.) dropped in to the well-stirred 
olution a nce stirring was continued at room temperature for 1 hr,., and then under reflux 


for 3 hr After the usual decomposition and extraction, an oil remained which crystallised from 
troleum (b, p, 60-—-80°) as white plates, m, p. 88° (1-85 g., 10% 4 good analysis could 


tained 
10-Dihydro-9 : 10-dimethoxry-9 : 10-diundecenylanthracene Chis ether, | repared as for 
| compound, crystallised from methanol; it had m. p. 77 Found C, 83-7: H, 
o, requires C, 83-8; H, 10-3%) 
10-Diundecenylanthracene Che foregoing ether (0-8 g.) was treated with phenylhydrazine 
und glacial acetic acid (6 ml.) in the manner described above An oil separated durins 
period, but, on cooling, this solidified, and was separated and crystallised fron 
give fine yellow-green needles (0-5 g., 67%), m. p. 70° (Found: C, 89-6; H, 10-5 
equires C, 89-6 H, 104% Light absorption Amar, 2600, 3425, 3600, 3800, and 
61,000, 3300, 7000, 11,900, and 11,200, respectively Absorption also occurred at 
10-0, and 11-0 u (allyl) 
fe) 3 -ethoxypropyl 0: 10-dihvdro-9: 10-dihydroxyanthracene 3 Ethoxy propyl 
54:5 g.) in dry ether (160 ml.) was added dropwise to magnesium (7-8 g.) in ether 
it such a rate that moderate refluxing was maintained A crystal of iodine and 
irming were both necessary to initiate the reaction After the dissolution of the metal, the 
olution was kept for 4 hr., and then, with vigorous stirring at 0°, anthraquinone (16-9 g.) wa 
added in small portions A solid Grignard complex settled out Che solution was stirred fo: 
3 hr., and finally refluxed for 2 hr Che usual procedure was followed for the isolation of the 
ind, on treatment of the residual oil with light petroleum (b, p. 60—-80°), the diol 
m. p. 111—-112° was precipitated, but could not be obtained analytically pure 
10-Di-(3-ethoxypropyl)-9 : 10-dihydro-9 : 10-dimethoxyanthracene rhis ether was obtained 
the catalysed reaction of methanol with the diol, in the usual manner; crystallised 


it had m, p. 153-6 Found: C, 75-9; H, 86. Cy .H,,O, requires C, 757 
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10-Diethoxy-9 : 10-di-(3-eth vypropyl)-9 : 10-dihy inthrace The use of ethanol in 
preparation gave the diethoxy-ether, m, p. 93+! » 761; H, Ol. CoH ,O, 
76-4; H, 9-1%) 
10-Diisopropylanthracene isoPropyl chloride (39-25 g.) was treated with magnesium 
in ether (300 ml.). Anthraquinone (26 g.) was added in the usual manner, and the 
isolated as before. Only 1-9 g. of 9: 10-dihydro-9 : 10-dihydroxy-9 : 10-diisopropyl- 
icene were obtained (5%). This was treated with phenylhydrazine (4 ml.) and acetic acid 
, to yield green-yellow crystals (0-5 g., 29°) of the anthracene Recrystallisation from 
ohol gave light green crystals, m. p. 172° (Found: C, 91-5; H, 8-2. Cy Hg, requires C, 91-6 
Light absorption : Aga, 2600, 3420, 3600, 3800, and 4000 A (e 25,600, 2500, 5370 
id 9560, respectively). Absorption also occurred at 7-35 » (isopropyl). 
10-Dimethylanthracene.--Methyl iodide (17:7 g.) was treated with magnesium (3 g.) in 
75 ml.), and anthraquinone (5-2 g.) added. After isolation, the dimethylanthracenediol 
aused to react with phenylhydrazine (8 ml.) and acetic acid (35 ml.). From this reaction 
rystals (2-9 g., 57% overall), m. p. 180°, were obtaine 


were performed by Mr. I. Hall rhe author thank ir Robert Robinson 
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302. Carcinogenic Nitrogen Compounds. Part XVIII The 
Synthesis of Some Polycyclic Carbazoles. 
By No. Pu. Buu-Hoi and Pierre JACQuIGNON 


New syntheses are reported for some known polycyclic carbazoles, and 
several new highly condensed carbazoles and their thiophen analogues have 
been prepared for biological evaluation of potential carcinogenic or carcino 
tatic activity. 


WHEREAS among aromatic hydrocarbons and in the acridine group significant carcinogeni 
activity is already encountered in tetracyclic derivatives (¢.g., 1; 2-benzanthracenes and 
| ; 2-benzacridines), in the carbazole series pronounced activity is reached only with 
pentacyclic molecules (e¢.g., 3: 4-5 : 6-dibenzocarbazole).' This suggested the preparation 
of further carbazoles having five or more rings, and thei ‘sting for carcinogenic, and the 
related tumour-growth inhibiting, activity 

Naphtho(2’ : 3’-1 : 2)carbazole (III; R H), first synthesised by von Braun and 
* was now prepared by Fischer cyclisation of the phenylhydrazone of 
6:7: 8-octahydro-l-oxoanthracene, and dehydrogenation of the resulting 

{ 8’-hexahydronaphtho(2’ : 3’-1 : 2)carbazole (I) with chloranil in exce 
when only | mol. of chloranil was used, partial dehydrogenation occurred, and the 
5’ : 6’: 7’ ; 8’-tetrahydro-derivative (II) was obtained. 6-Methylnaphtho(2’ : 3’-1 : 2) 
carbazole (III; KR = Me) was prepared in the same way. Thionaphtheno(2’ : 3’-1 : 2) 
carbazole (IV; RK = H) and its 6-methyl derivative (IV; R =< Me), thiophen isologues of 
[I1) with very similar properties, were obtained from | ; 2 : 3: 4-tetrahydro-l-oxodibenzo 
thiophen. Another group of pentacyclic derivatives of carbazole was prepared from 
2:3. 4-tetrahydro-l-oxophenanthrene; the phenylhydrazone of this ketone underwent 
3: 4-dihydronaphtho(2’: 1’-1: 2)earbazole (V; R H), which was 


i-Hol, Royer, and Hubert-Habart, /., 1955, 1082 


Brues, Proc. Roy. Soc., 1937, B, 122, 429 Badger, Cook, Kennaway, Kennaway, 
ir } ibid., 1942, 181, 170; Kirby and Pea k, Brit. J]. Exp. Path., 1946, 27, 179; 
ssagne, buu-Hoi, Royer, and Zajdela, Compt. rend ( 1947, 141, 635; Lacassagne, Buu-Hoi, 
la, and Xuong, Bull. Cancer, 1955, 42, 3 
Braun and Bayer, Annalen, 1929, 472, 101 
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h melting point of its isomer (V; R 


f 


ration of the carcinogenic (-me thyl ] 


Buu-Hoi and J acquignon 


ited by chloranil to the naphthocarbazole (VI; R =H). The pheny! 


of 1:2:8: 4-tetrahydro-4 oxophenanthrene was indolised to 3: 4-dihydro 
H), whose low melting point contrasted with 


H) ; the me thy] compound (VII; R Me), 
It is interesting that, in the 


l 2)carbazole (VII: R 


prepared, likewise had a very low melting point 


tructure, the cinchoninic acid (VIII), obtained from the same 


eries of analogous 
a Pfitzinger reaction, has a normal melting point 


vihydrazines proved convenient for the polycyclic 
2)carbazole I Me) was readil 


Rk Me n method, applied to the 
an improvement on the 


ylpheny 
thus, 
ia the 3 


9-meth Inaphtho(2 l’-1] 
4-dihydro-compound (\ 


‘ I 
2 b nZOCAaATVAaZOK Wa 


V-methylation proce ; 
dolo(3’ : 2’-20 : 21)friedelene (1X 


m 
ame CT 
f +} 


‘ 


velic compound the 
l’-methyl derivative (IX: R Me), were prepared by indolisation o 


ind V i thylphe nylhydrazone of trv i turate 


; ' 


| ketone extra 


observed that compound Ot the bazol eries form well 
with one mol. of tetrachlorophthali 
lor characterisation than the 


ing this work, it wa 
llised deeply coloured addition comple XeS 
ide,® and these complexes are often more suitabl 

here are under biological examination in this Institut: 


ivity 


Hols, /., 1946, 705 
ind Jacobsen, /. Amer. Chem. Soc 57 Ruzicka, Jeger, and Ringnes 
1, 1944, 27, 972: Dutler, Jeger, and Ruzicka. ihid 5, 38, 1268 


yr, 1922, 66,413: Buu-H ind Jacquignon, ¢ 1952, 284, 1056 
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(I) A mixture of phenyl 


4:5’: 6: 7 : 8-Hexahydronaphtho(3' : : 2)carbazole 
(2g.)and1:2:3:4:5:6:7: 8-octahydro-l-oxoanthracene (2 g.; prepared from 


hydrazine 
at 120-—-130° until water ceased to be evolved, 


tetralin and succinic anhydride *) was heated 
and the crude hydrazone was heated with an acetic 
for a fewseconds. After cooling, water was added, 
benzene; recrystallisation from cyclohexane attorded leaflets (2 
yellow halochromy in sulphuric acid and a 
CygH ,gN requires C, 87-9; H, 7-0%). 
5’ : 6: 7°: 8-Tetrahydronaphtho(2’ 
hexahydro-compound (5 g.) in dry xylene 
After cooling, the precipitated tetrachloroquinol 
with 106% aqueous sodium hydroxide, then with 
on evaporation of the solvent crystallised as grey 
hexane (Found: C, 88-3; H, 6-2. Cook 7 requires C, 88:6; H, 63%) 


violet picrate and a deep yellow halochromy in sulphuric acid 
(111), ‘The foregoing tetrahydro-compound (6 g.) was 
100 c.c.) as above Lhe dehydrogenation 


lution of hydrogen chloride (20 c.c.) 
and the cyclisation product taken up in 
y.), m. p. 215°, giving a 


P 
dark olet picrate Found C, 87-6 H, 6% 


3-1: 2)carbazole (Il A solution of the foregoing 
100 « vas refluxed with chloranil (6 g.) for 12 hr. 
filtered off, and the xylene layer washed 
iter, and dried (Na,5QO,) The residue left 
tinged needles (3 g.), m. p, 273°, from cyclo 
This carbazole gave a 


Naphtho(2 3’-1 : 2)carbazole 
dehydrogenated with chloranil (15 g.) in xylene 
product formed pale yellow leaflets (3-5 g.), m. p 
yellow halochromy in sulphuric acid; von Braun and Ba 


327°, from cyclohexane and gave an orange 
ke yer * gave m. p, 325 
3:4: 8:6: 7: 8 -Hexahydro -6-methylnaphit 3’-1: 2)carbazole , solution of 
1:3:38:4 7 : 8-octahydro-l-oxoanthracene p-tolylhydrazine hydrochloride 
3-6 g.), and sodium acetate (2-6 g.) in ethanol d for 1 hr., and the crude p-tolyl! 
hydrazone which was precipitated on dilution with w 
Che resulting hexahydrocarbazole formed prisms (3-5 g.), 


Vay 
gave a lemon-yellow halochromy in sulphuric acid and a violet picrate (hound , 87-6; H, 7-4 


C,,H,,N requires C, 87-8; H, 7:°3%). 

6 Methylnapht/ (2°: 3-1: 2)carbazole (111 Ik 
compound (1-6 g.) with chloranil (4-4 g.) afforded a le, 
pale yellow needles (1 g.), m. p. >340° (Found : ¢ , 53. Cy ,Hy.N requires C, 897; H, 


5-3° 


vas collected and indolised in the usual 


m,. p. 242°, from cyclohexane and 


Dehydrogenation of the foregoing 


crystallising from cyclohexane as 


Thionaphtheno(2’ ; 3’-1 : 2)carbazole (1V; BR H rhe crude hydrazone from 1:2:3:4 


tetrahydro-l-oxodibenzothiophen? (1-5 g.) and 
decomposition on indolisation; the crude produ 
1 g.), a carbazole, crystallising as colourless, sublimable leaflets (from benzene), m. p. »340°, 
giving an orange-yellow halochromy with sulphuric acid (found: C, 788; H, 46. Cy ,H,,NS 


uires (, 78-5; H, 4 7%) 


phenylhydrazine (2-4 g.) underwent partial 
t yielded, on dehydrogenation with chloranil 


6-Methylthionaphtheno(2’ : 3’-1 : 2)carbazole (lV; Me).-—-Similarly prepared from p 
dehydrogenation of the intermediary dihydro 


tolylhydrazine hydrochloride (2-5 g.), and 

carbazole (1-2 g.) with chloranil (1-2 g.), this compound formed colourless, sublimable leaflets 
from benzene), m. p. and halochromy as for its analogue (Found; C, 70-1; H, 560. CyH,,NS 
requires C, 78-9; H, 52%) 

3: 4-Dihydronaphtho(2’ : 1-1; 2)carbazole (V; mixture of 1: 2:3: 4-tetra 
hydro-l-oxophenantbrene ® (5 g.) and phenylhydrazine (5 5 vas heated at 120-—-130° for a 
few minutes, and the crude hydrazone indolised ual way The dihydro-compound 

) formed colourless needles, m. p. 281°, from nzene (Found: C, 889; H, 5-7 
89-2; H, 56%) Naphtho(2 \cavha H), obtained 
mable prisms, ; 340”, from 
s picrate formed dark 


.N require ( 


on dehydrogenation with chloranil, formed yellov 
ethanol (Found: C, 89-7; H, 5-0. C,H, N require H, 4°9' 
violet needles, m. p. 193-—194°, from ethanol 
3: 4-Dihydro-9-methylnaphtho(2’ : 1-1: 2 bazo V é Me A mixture of the 
nanthrene (2 g.) and N-methylpheny ’ heated at 120°: the crude 
i dihyd npou ‘.), crystallising as yellowish needle 

i. 2 C,,H,,N requires C, 89-0; H 

la let needles, m, p, 192-—193° (darkening 


hydrazone yielded on indolisation ¢ 
p. 198°, from light petroleum (Found 
6-0° Chis gave a picrate which crystallisec 


und Jacquignon, /., 1954, 513 
liant, Ber., 1943, 76, 1269 


a Cag 
1932, 1125 
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Ls) from ethanol, and ; table addition rophthalic anh 
hich crystallised as red needles, m, p. 183-—184°, from acetic acid ind: C, 60-9; H, 
NCI, requires C, 61-2; H, 3-0% 
lnaphtho(2’ : 1’-1: 2)carbazole (VI; R Me).—-A solution of the foregoing dihydr 
1 g.) and chloranil (1 g.) in xylene was refluxed for 3 The dehydrogenatio 
luct formed yellowish leaflets, m. p, 268° (from cyclohexane ound: C, 89-5; H, 5-2 
N requires C, 89-7; H, 5-3%,), giving a violet picrate 
1-Dihydvo-9-methyl-1 + 2-benzocarbazole.—Obtained from «-tetralone (2 g.) and N-methy! 
lrazine (2 g.), this compound crystallised as colourless leaflet n. p. 134°, from ethanol 
C, 87-8; H, 6-5. Calc. for C,,H,,N: C, 87-6; H, 6-4% the picrate decomposed ¢ 
tion, but the addition product with one mol, of tetrachlorophthalic anhydride formed 
needle m, p. 121-122’, from acetic acid. Dehydrogenation of this dih 


i] 


| d with chloranil (12 hours’ heating) afforded a 78° yield of 9-methyl-1 
carbazole, m, p. 169°, from cyclohexane (lit.,* m. p. 168 
4-Lihydyvon uphtho(1’ : 2'-1 2)carbazole (VII " R 


a 


H 1: 2:3: 4-Tetrahydro-4-oxo 
(2 g.) was condensed with phenylhydrazine (2 ¢ the crude hydrazone gave on 
i resin which wa purified via its picrate (brown-violet needles, m p. 176°, from 


nthrene 


Decomposition of this picrate (1-5 g.) with aqueou mmonia, and repeated 
| ] E | } 
tallisation of the free dihydrocarbazole from light petroleum, afforded « 
11% Found C, 89-5: H, 6-5 if voll, N requires C, 89-2; H, 5-6%) 


‘vo’ -methylnaphtho(\’ : 2’-1: 2)carbazole (VIL; R Me), prepared from 1:2:3:4 


Olourless need |e 


3 
7-methyl-4-oxophenanthrene (2 g.) and phenylhydrazine (2 g.), was purified via its 
k violet needles, m. p. 187°, from methanol), and formed colourless needle 
m light petroleum (Found; C, 89-2; H, 5-9. C,,H,,N requires C, 89-0; H 
t’-methylnaphtho(V’ : 2’-1 : 2)acridine-5-carboxyl leid (VITI A solution of 
1: 2:3: 4-tetrahydro-7-methyl-4-oxophenanthrene 1 g.), and potassium 
olved in 1 c.c, of water) in ethanol (10 c.c.) was refluxed for 12 hr. The 
in water, the neutral impurities were removed with benzene, and th 
acidified with acetic acid The cinchoninic a (1-1 g.) formed yello 
324° (decomp. from 312 from ethanol (Found C, 81:3; H, 5-0 
equires C, 81-4; H, 5-0% 
2’-20 : 21)friedelene (1X kt H) A mixture of friedeli 0-7 
nylhydrazine (1 g.) was heated at 130° for 30 min.; the crude phenylhydra 
(which could not be prepared in ethanol) yielded on cyclisation a product crystallising fron 
ethanol-benzene as colourless prisms (0-5 g.), m. p. 309--310°, giving a brown-violet colour in 
ethanol ict acid (Found C, 86-2; H, 10-5. Cy,H,,N requires C, 86-6; H, 10-6 
’ : 2-20: 21) friedelen IX; R Me), prepared from friedelin (0-7 g.) and 


lhydrazine (1 g.), formed colourless prisms, m, p. 217 18 from ethanol 
2; H, 10-5, C,,H,,N requires C, 86-5; H, 10-7° 


art of a cancer research scheme (Professor A, Lacassagne) supported by 
Department of Health, Education, and Welfare the authors thank the 
cerned Chey also express gratitude to Professor G, Ourisson (Strasbourg) for 
ft of friedelin, and to Miss Patricia F. Boshell, M.A r assistance 
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303. Organic Fluorine Compounds. Part V.* Infrared 
Studies on Fluoropyruvic Acid and Related Compounds. 


} 


st D. BERGMANN, ABRAHAM KALMI and SHRAGA PINCHAS 


rhe infrared spectrum of fluoropyruvi and related compounds 
eveals that in the acid a hydrogen bond exi 
irboxyl group, whilst in the corresponding 2 : 4-dinitrophenylhydrazones and 
emicarbazones hydrogen bonding can occur betwe 
either the carboxyl or the NH group 


he carbonyl absorption of pyruvi« 


een the carbonyl and the 
*n the fluorine atom and 


liquid layer) lies at 


723 cm.", 


distinction to fluoropyruvic acid, its 2 : 4-dinitrophenylhydrazone and its semi 
{ 


irbazone show the infrared vibration of the C-F linkage, which usually ! absorbs between 

10 and 1120 cm.-', at 991 and 978 cm.~', respective! us observation (which has 

ntioned briefly, but evidently not clearly r and Blank 4) invited 

tudy, especially in view of the unusual biological proper of the semicarbazone 
\4 


i 
lf 
a further 
of fluoropyruvic aci 

It appears reasonable to assume that the shift of the C-F band is due to hydrogen 
bonding which will tend to weaken the C-F linkage and, therefore, lower its characteristik 
fre quency The po ibility of hydroge n bonding betwec i fluorine atom and a hydroxy! 


pe sted before 5,6 In the pre ent case, two type ; of hvdrogen bonding 


group has been sug 
ib] ivolving the NH group or the carboxyl group, as indicated in (I) and (11) 


are po Thiet It Vil 


CH,--G’CO,H CH,-—-G:N'NHR 
UN co 
H--——-N-R H Oo 


[R = CO-NH, or C,H,(NO,),] 


respectively. In order to clarify this point, the infrared spectra of the 2 : 4-dinitrophenyl 
hydrazone of methyl fluoropyruvate and of the N-methyl-2 : 4-dinitrophenylhydrazone of 
fluoropyruvic acid were measured. In the former, bands at 992 (medium) and 1052 cm." 
(strong) have been observed, probably corresponding to a hydrogen-bonded and to a“ free "’ 
C-F linkage, respectively. The hydrogen bonding can only involve the NH of the phenyl 
hydrazone grouping, but it appears that this bond is weak, perhaps because the o-nitro 

with the fluorine atom for the hydrogen bond. In the N-methyldinitro 


group compete 
phenylhydrazone of fluoropyruvic acid, a single strong band at 973 cm.-! represents the 
xyl group |according to (II) 


hydrogen-bonded C—F frequency : in this case, only the carbox 
can supply the hydrogen. One can, therefore, conclude, that form (II) is more stabk 
than (1), and that (1) only applies when no free carboxy! group is available 

rhe assignment of the frequency in the 973—992 cm.-! region to the stretching of the 
bonded C-F linkage is supported by the spectrum of pyruvic acid N-methyl-2 : 4 


hydrogt li-t 
dinitrophenylhydrazone, which, like the dinitrophenylhydrazones of pyruvic acid and 


| pyruvate, shows no band in that region 
here remains one point to be discussed, Whilst in methyl fluoropyruvate the location 
C-F bond at 1046 cm.~! is normal (no hydrogen bonding possible), one would expect 
peak in the case of fluoropyruvic acid. However, in this compound also the 

1as been found at 1035 cm.~! (Thomas ? give 22 cm."!, but his measurements 

e carried out on a solution of the compound present investigation a solid 
ver has been used) The absence of this shift is best aseribed to a structure in 


J., 1955, 2190, 
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1955, 175, 424 
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i-Dor, unpublished results 
nd Hendricks, ] Amer. Che 
d Lacher, thid., 1953, 76 
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the carboxy! group is hydrogen-bonded to the ketonic carbonyl-oxygen either in the 
in a second molecule (formation of a dimer), thus leaving the C—-F bond unaffected 
[he difference in the hydrogen-bonded C-F frequency in the dinitrophenylhydrazon 


yyruvic acid (991 em.~*) on one hand, and in fluoropyruvic acid semicarbazon 
‘ 


LOTO} 


2 cm.~!) on the other, is somewhat 


') and N-methyldinitrophenylhydrazone (9 
pected, but any attempt to explain this difference would be speculative. 
rhe dinitrophenylhydrazones and N-methyldinitrophenylhydrazones described in thi 
paper are well-defined crystalline substances, No syn-anti-isomerism of the type described 
recently by various authors 7? has been observed. It should be pointed out that the form 
ation of hydrogen-bonded rings of type (I) presupposes that the substituents at the azo 
methine-nitrogen atom and the carboxyl (or ester) group are trans to each other 
In connection with these experiments, the carbonyl frequency of fluoropyruvic 
pillary layer, obtained by cooling a thin molten layer of the acid) was measured as 
ec, broad band centred at about 1723 cm.}. This value is considerably lowe: 
it reported for pyruvic acid (1745 cm.~'),® but lies rather in the region expected 
recalls that the interaction of the two carbonyl groups should increase only by 
the usual * frequency of 1715cm."!. A further study of the spectrum of pyruvi 
thin liquid layer) showed the band to be at 1728 4 cm.-!, in agreement with 
figure for fluoropyruvic acid and the value (1726 cm.~!) for 11 : 12-diket: 
‘0 The fluorine atom might have been expected to raise somewhat the carbony! 
but it is perhaps difficult to predict accurately the effect of the interaction of 
polar linkages, especially if the molecule i neric (see al 


Ta! 


Ov 


I XPERIMENTAI 
yruvic acid and its methyl ester were prepared according to Mager, Blan! 
rhe infrared spectrum of the ester was measured in CCl, ition (0-06 g, in lm 
ell 
4-dinitrophenylhydrazone of the methyl ester was prepared by the standard 
wocedure,” though the yield was low. It formed orange-yellow crystals and melted, afte 
rystallization from alcohol, at 245° (Found C, 30-8; H, 3-0 N, 18-8 C pH! eNgl 


equires C, 40-0; H, 3-0; N, 18-7%) The infrared spectrum was measured in a paraffin oil 
pull ands were observed at 992, 1052, 1077, and 1144 cm."! 
‘ |.2 : 4-dinitrophenylhydrazine was prepared according to Blanksma and Wackers,! 


ydrazine “ and chloro-2 : 4-dinitrobeuzene Recr ullized from ethyl alcohol, 


vopyruvic Acid N-Methyl-2 : 4-dinitrophenylhydrazon ro olution of the hydrazir 
in 95%, ethanol (50 ml.), a solution of fluoropyruvic acid (0-5 g.) in ethanol 


tive (1 g o 


ind 2 drops of concentrated sulphuric acid were added Che mixture was refluxed for 

| evaporated in vacuo until an oil separated. This was triturated with, and recrystal 

rom ethyl acetate; it formed yellow crystals, m. p. 158—-169° (Found: C, 40-7; H, 3-2 

requires C, 40-0; H, 30%). The ultraviolet spectrum showed a broad maximum 

3°74) (in EtOH). The infrared spectrum was measured on a mull in paraffin oil 

ng bands were observed in the 900—-1220 cm." region (the relative absorbances are 
1 parentheses) : 909 (0-37), 973 (0-65), 1062 (0-43), 1112 (0-53), 1146 (0-50), 1175 (0-55 

Acid N-Methyl-2: 4-dinitrophenylhydrazone The above method was applied to 


(dex omp 


‘ 


cid rhe product separated from butanol as yellow crystals, m. p. 164 
412-5; H, 3-6; N, 20-4. C,,H,O,N, requires C, 42-6; H, 3-6; N, 200% Ultraviolet 
hem. ]., 1953, 66, 26; Isherwood and C1 ks! k, Nature, 1954, 173, 121; Ramirez 
Chem, Se 1054, 76, 1037; van Duin, Rec. Tra , 1954, 73, 78; Denny and 
Khrome< boris0eyv, CAem 1hstr 1g 49, 8257 
, and Dang! Infrared Determina { Organ tructure 
1049, p 
» Infrared Spectra of Complex Molecules,”’ Methuen lon, 1954, p. 122 
ries, and Dobriner, /. Amer. Chem. Soc., 1949, 71 
ind Bergmann, /., 1955, 2190 
ind Fuson, ‘ Identification of Organic Compound 


Trav. chim.. 1936. 65, 655. 
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ctrum: A, 383 my (log ¢ 4-46) (in EtOH). Infrared spectrum, measured as in the 


max 
preceding case 919 (0-55), 941 (0-37), 1005 (0-72), 1038 (0-50; shoulder), 1061 (0-80), 1100 
(0-65), 1141 (0-82), 1203 (0-98). 
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304. Organic Fluorine Compounds. Part VI.* The Enolates 
of Alkyl Fluoroace lates. 


By Ernst D. BERGMANN and 5. SZINAI 


rreatment of ¢thyl fluoroacetate with sodium alkoxide or hydride gave an 
iolate which could be alkylated with benzyl bromide, p-bromobenzyl 
yromide, ethyl bromoacetate, and allyl bromicd Fluorosuccinic acid is too 
, nsitive to be accessible by alkaline hydrolysis of its alkyl] ester rhe 
ction with allyl bromide gave a saturated believed to be ethyl 
1-fluorocyclobutane-1-carboxylate 
I.NOLATES of the esters of aliphatic acids are generally not stabl they are quickly 
transformed into the corresponding acetoacetates and are, therefore, not alkylated by 
ilkyl halides or similar reagents. Analogously, when in certain Michael reactions products 
of the type (RO,C),CH*CH,°CH‘C(ONa)-OR’ are formed, the course of their methylation i 
«plained by the assumption that they rearrange to RO-C(ONa):C(CO,R)-CHyCH,’CO,R.! 
I’ven if, perhaps for steric reasons, stable enolates are formed, as, ¢.g., from diethyl 
3-methylbutane-2 : 3-dicarboxylate and triphenylmethylsodium, they do not appear to be 
very reactive.* Phenylacetates, on the other hand, give enolates which are both relatively 
table and sufficiently responsive to alkylating agents.*'° The enolate of diphenylaceti 
been isolated in crystalline form by Schlenk, Hillemann, and Rodloff,™ and it 
have been studied. It appeared possible that negative substituent 
Indeed, it has been found that etlhy] 


lride, gives an enolate 


, 


acid ha 
alkylation reaction 
other than phenyl would have an analogous effect 
fluoroacetate, when treated with sodium alkoxide o1 
which forms ethyl ey-difluoroacetoacetate sufficiently wly to permit alkylation with 
reactive alkyl halides, such as benzyl or allyl bromide and ethyl bromoacetate. Normal 
alky! halides fail to give significant amounts of alkylated fluoroacetate 

Benzyl bromide gave ethyl «-fluoro-6-phenylpropionic acid in 27 and 20% yield, 
when alcoholic sodium ethoxide or sodium hydride in ether was employed for 


respectively, 
upported the formula 


the preparation of the enolate. Analysis and molecular refraction 
of the « which could be converted into the corre ponding ac id and its amide without 
loss of the fluorine atom. Analogously, p-bromobenzy! bromide and sodium ethoxide led 
to a 20% yield of ethyl p-p bromopheny! 2-fluor: :ropionate, from which the free ac id and 


the amide have been prepared. 
With ethy! bromoacetate, a 25°5°%, yield of diethyl fluorosuccinate was obtained which 
however, lost fluorine even under mild condition ilkaline hydrolysi Also with 
aqueous ammonia only fumaramide was obtaine n an attempt to circumvent the 
alkaling lrolysis of the fluorosuccinate, dibenz ecinate was prepared from the 
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, 77, 923 
|, J/., 1921, 119, 1976 
hi, J. Org. Chem., 1955, 20, 13 
er, Compt. rend., 1924, 178, 15%: 
nkel, and Bassanoff, Ber., 1025, 68, 1108 
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Helv, Chi icta, 1922, §, 656 
1924, 178, 93, 306; Bu 


Bergmann and Szinai 
Che ester decomposed partly 


fluoroacetate and benzyl bromoacetat 
furmaric acid 


upon hydrogenolysis, only 
difluorosuccinic acid which 


CNZYI 
ipon distillation under 1-25 mm. pressure ; 
A similar instability has been noted for 
acetylenedicarboxylic acid. 


yield from allyl bromide, and the 
luoropent-4-enoate and thi 


bromine and catalyticall 


1 infr | band for mon 


isolated m\5 
t with water give 
duct isolated in 45° 
rrect analytical result 
however, the ester was saturated toward 
drogen, and did not show the characteristi 
ylenes at 1643 cm.~! (see Fig.). Also the C-H stretching frequencies in the 
id 3075-3005 cm.! regions and the C-H out-of-plane deformati 
observed that 4a-a 


985—995 com.! were absent 


amide pre pared from it 


for the expected ethyl 2-f 


S010 wo40) 


100 


ey 80 
S 60} 
‘ | ulane-|-carbo 


” r 


E 40} 


, 
peclrun feta 


tetrachloride s 


Gs 
r 


iS 20} 
} 
ol 


V (mp) 


10: 4a ; 10a-octahydrophenanthrene-1l0-carboxylic acid isomerize pol 
assumed that ethyl 2-fluoropent-4-enoate (I] 


i rboxylate (III Che infrared 


the compound (I), it is 
b-Cal 


pontaneously to ethy! 1-fluorocyvclobutane 


indeed, a band at 927 cm., where a band typical of the cyclobutane ring 


16 The C—F band at 1030 cm.! has also beer 
icetate McBee and Christman 


i! found: the ester-carbonyl 
ituated at 1740 cm.!, whilst for ethyl fluor 19 
of 1778 cm. 
attempts to prepare 
failed his enolate is formed only at hig 


n into tlert.-buty! vy -Cifluoroacetoacetat i too rapid 


and utilize the enolate of lert.-butvl instead of ethyl 
sh temperatures, at which the 


is of lert.-butyl fluoroacetate from 1 tene and fluoroacetic acid 


venient synthe 
ulphuric acid or boron 


net ol concentrated trifluoride ethe comple » - 
PERIMEN I 
1) A solution of ethy 
30 min 


ite ms) 0-5 mok I 
} | 


100 ml.) was added drop Vise 1 of sodium ethoxide 


200 mi at room temperature 


and anhydrous alcohol 
at 20° with vigorou 


0-55 mole) wa vdde 
yuugh a short Vigreux 


tilled benzyl bromide (94 g 
| 


The mixture was kept for 12 hr., filtered, and 
| P, 2,426,224 1/ 1048, 42, 215 

and Simps« Quart. k , 1952, 6, 1 

y.. 1943. 76, 1076 

ind Kakac, Chen 1/ 1055, 49, 9565 
Phe Infra-red Spect of Complex 

4 

! Christman, /. Ames 
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145°/20 mm. being collected Fractionation of this distillate 
129-—130°/20 mm. (50 g.), and ethyl a-fluoro-8 phenyl propionate 


= 


column, the fraction of b. p. 95 
gave benzyl ethyl ether, b. p. 

(26 g., 27%), b. p. 1836—137-6°/20 mm., d}** 1-1211, mif® 1-4890, [Ry 50-51 (Cak 50-75) 
Found: C, 67-2; H, 6-8; F, 94. C,,H,,O,F requires C, 67-4; H, 6-7; F, 9-7%). 

b) Sodium hydride (12 g., 0:5 mole) was suspended under nitrogen in anhydrous ether 
0-5 mole) in ether (200 ml.) was added 


200 ml.), and at 0°, a solution of ethyl fluoroacetate (53 g 
reaction is initiated by 


during 4 hr. If evolution of hydrogen does not set in within 10 min., 
addition of two drops of anhydrous alcohol.) Stirring was continued for 4 hr. more, and 

alcohol (50 ml.) and a solution of benzyl bromide (94 g.) in anhydrous ether (200 ml.) 
poured into the theoretical quantity of 


annyarou 
were added successively. After 21 hr. the mixture wa 
20% sulphuric acid, the organic layer separated, and the aqueous phase extracted twice with 
ether. The combined ethereal solutions were washed with 10% sodium hydrogen carbonate 

olution, dried, and distilled; the product (20 g., 20° had b, p. 136-—137-5°/20 mm 
a-Fluovo-3-phenylpropionic Acid.—The preceding ester (6-8 g.) was added to a solution of 
ium hydroxide (2-8 g.) in anhydrous alcohol (20 ml.), and after 30 min., the pre ipitate 
was filtered off, washed with alcohol and ether (weight, 6-5 ¢.), and dissolved in water, and the 
extracted with ether. Distillation (b. p 


olution acidified with hydrochloric acid and 
103°/0-3 mm.; 155°/10 mm.) or recrystallisation from low-boiling light petroleum gave the pure 
64-5 


d (5-2 g., 90%), m. p. 732° (Found: C, 64-5; H, 5-7; F, 111 C,H,O,F requires ¢ 


Oa & 


pota 


1i 
H, 5-4; F, 114%) 
a-Fluovo-B-phenylpropronamide.—A mixture of the ethyl ester (2-0 g.) and concentrated 
j ammonia (20 ml.) was stirred at 50-——60° until homogeneou 
crystallized It was recrystallized twice from water and melted at 134° (yield, 1-0 g., 60%) 
Found: C, 64-9; H, 6-3; F, 11-2. C,H,,ONF requires C, 64-7; H, 6-0; F, 11-4%) 
Analogously, the following compounds were prepared from p-bromobenzyl bromide.” 
Ethyl (-p-bromophenyl-a-fluoropropionate, b. p. 102°/0-3 mm, (yield, 20%) di 1-4280, ni? 
1-5230, [R]y 58-83 (Cale 58-71) (Found: C, 47-8; H, 48; Br, 28-8; F, 68. C,,H,,0,Brl 
requires C, 48-0; H, 44; Br, 20-1; F, 69%). 6§-p-Bromophenyl-a-fluoropropionic acid, from 
yield 83% (Found: C, 43-5; H, 3-2; Br, 32-6; F, 7-8. C,H,O,BrF 


On cooling, the amid 


iqueou 


benzene, m. p. 159°, 


requires C, 43-8; H, 3-3; Br, 32-4; F, ). §-p-Bromophenyl-a-fluovopropionamide (from 
i 


ater), m. p. 167°; yield, 52% (Found: C, 4! H, 3-4; N, 61; F, 7-8. C,H,ONBrl require 

43-0; H, 3-7; N, : BF, 7-7%). 

Diethyl Fluorosuccinate,—The enolate of ethyl fluoroacetate was prepared from sodium 
ethoxide as described above, and ethyl bromoacetate (91-8 g.; 0-5 mole) was added. Diethyl 
fluorosuccinate forms a liquid, b. p. 70—71°/0-8 mm., which could not be obtained pure; yield 

1-4240, dj 11090, [R]y 44°23 (Cak 42-34) (Found: C, 48-5; H, 6-5 
C, 50-0; H,6-7%). With sodium hydride as enolizing agent, a.yield of 8 g 


40 


24-5 g. (255%); nv 
or CgH 30, 
68 2°/0-5 mm., was obtained 
When diethyl fluorosuccinate was heated with aqueous ammonia 
was obtained By analysis and 


p 
imide at 50 


hr., a crystalline product of m, p. 265-—268° (decomp 


comparison with an authentic specimen * it was shown to be fumardiamide (Found: C, 42-2 


H, 5-7; N, 25-6 Cak for C,H,O,N, C, 42-1; H, 5-3; N, 24-5%) 

Benzyl Fl é A mixture of ethyl fluoroacetate (106 g.), benzyl alcohol (108 g.), and 
was heated under a Fenske column, so that the ethanol formed 
t of alcohol had been removed and the 


toluene-p-sulphor (2g 
tilled off continuous After the desired amoun 

mixture cooled to room temperature, it was washed with 10 odium carbonate solution and 

ater and dried; the product (129 g.; 78%) had b. p. 137-—141°/22 mm 

Che same method was employed, but toluene (140 g. per mole) was 


Bromoacetaté 
the product (yield 


rder to facilitate removal of the alcohol as azeotrope (90 ml.) ; 


hh ¢ 


é‘ p. 166-—170°/22 mm 
Dibenzyl Fluorosuccinate An ethereal solution of benzy! fluoroacetate (16-8 g.) was added 
odium hydride (2-4 g.) in refluxing ethers The mix 
vided dropwise. After 12 hr., the 


mixture was poured into ice-water, containing sulphuric acid (50 g After being repeatedly 
washed with 10%, sodium carbonate solution and water and dried, the product was distilled at 
lecomposition, and the last two fractions were 


dropw! ( ture was stirred for | hr. at 


reflux ten rature, and benzyl bromoacetate (22-0 


ot b 


1-25 mn r} tillation was accompanied by « 
rhe last fraction, b. p. 160-—190°/1-26 mm. (8 g.) after having been 


Patai, ibid., 1946, 68, 150. 
off, Ber., 1892, 26, 640 


152 Bergmann and Schwarcz . 


decolorised with Norite and redistilled (b. p. 165—170°/1 
t that it consisted of impure dibenzyl fluorosuccinate, 


mm.), gave analytical result 
indicat 
Ethyl 1-Fluovocyclobutane-\-carboxylate,-From ethy! 


ing 
fluoroacetate (55 g.) and sodium 
11-5 g. of sodium) the enolate was prepared as above; it was treated with freshly 
llyl bromide (66-5 g., 0-55 mole). Working-up gave the desired ester (111) (33 g., 45%), 
76°/35 mm., di*® 1.0062, nis * 1-4090 (Found: C, 57-5; H, 7-8; F, 13-0. C,H,,O,F 
57-5; H, 7-6; F, 13-0%). When an attempt was made to hydrogenate this ester 
in 96%, alcohol (13 ml.) at 29°, using platinum oxide as catalyst, only 0-8 ml. of 

ydrogen was absorbed 
1|-/:luovocyclobutane-1-carboxyamide.-A mixture of the foregoing ester (1-5 g.) and con 
centrated aqueous ammonia (10 ml.) was stirred at 80—90 
After 12 hu 


ether re 


until dissolution was complete 
at room temperature, the solution was repeatedly extracted with ether, and the 
idue recrystallized from low-boiling light petroleum ; 
70-—71° (Found: C, 51-3; H, 7-2; N, 11-9; F, 16-0. C,H,ONF requires C, 51-3; H 
12-0; F, 16-2% In contradistinction with the ethyl ester, the amide slowly absorbed 
activated by platinum oxide, However, no stoicheiometric quantities of hydrogen 
imed even after 2-5 hr, (total absorption : 0-283 mole). 
Butyl I luovoacetate A mixture of fluoroacetic 


the product (0-85 g., 73%) had 


acid (78 g., 1 mole), tsobutene (112 g., 
acid (3 ml.) or boron trifluoride-ether complex (3 ml.) was 


rhe slightly exothermic reaction was kept under control 
ing the bottle in ice-water from time to time After 12 hr 


and concentrated sulphuric 


r 2 hr, at room temperature 


at room temperature, the 
odium hydroxide (70 g 
The aqueous layer was extracted with ether, and the organi 
ynbined with the extract, washed with 2n-sodium hydroxide 
tilled twice; the ester (75°%,) had b p 42° /20 mm 


vas cooled to 15° and poured into a mixture of 
250 mL), and ice (250 g.). 


solution and water, dried, 


alogously, tert.-butyl chloro- and bromo-acetate and ethyl /erl.-butyl malonate can be 


acid is concerned, the 
of Johnson, McCloskay, and 


in good yield As far as the use of concentrated sulphuri 
an adaptation of that of Fonken and Johnson ® and 
i ta 
carbon and hydrogen determinations were carried out according to Bodenheimer and 
‘the fluorine determinations according to ger and Yard 
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305. Organic Fluorine Compounds. Part VII.* The Perkin 
Similar Reactions with Fluoroacetic Acid. 


By Ernst D. BERGMANN and José SCHWARCZ. 


Fluoroacetic acid and its derivatives can be condensed with 
ldehydes in reactions of the Perkin type. «-Fluorocinnamic acid and its 
nitro-derivative, 1-fluoro-4-phenylbutadiene-l-carboxylic acid, and 6-o 
hlorophenyl-a-fluoro-8-hydroxypropionic acid have thus | 


I 
the yields are low m-Nitrobenzaldehyde give 


aromati 


cen synthesised 


complicated products 


ibility of fluoroacetates to form relatively stable enolates (see preceding paper) should 

itself also in a tendency of the acid and its derivatives to condense with aromatic 

to form compounds of the «-fluorocinnamic acid type. It is assumed today ! 

the Perkin reaction proceeds via the enolate of the acid ar hydride used in the 

condensation. Indeed, Swarts *® has reported that, from benzaldehyde, methyl fluoro 

acetate, and sodium, a-fluorocinnamic acid can be obtained (in unspecified yield), and 
preceding paper 


Organic Chemistry Vol. Lil, p. 112, Wiley and 
Hull, Soc. chim. Fran 1919, 25, 325 
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Bergmann, Kalmus, and Vromen* have described the alkaline condensation of benz 
aldehyde and w-fluoroacetophenone in 40% yield. thy! bromofluoroacetate can also take 
part 4 Keformatsky reactions. A systematic study of the condensation of aromati 
aldehydes with fluoroacetic acid and its derivatives appeared, therefore, desirable 

In the condensation of benzaldehyde with sodium fluoroacetate and fluoroacetic 
anhydride, vigorous evolution of hydrogen fluoride took place,.but «-fluorocinnamic acid 
could be isolated in a yield of only 2%. When benzaldehyde was condensed with ethyl 
fluoroacetate in ether in the presence of sodium hydride, a complex mixture was obtained 
benzaldehyde, benzoic acid, ethyl benzoate, ethyl «y-difluoroacetoacetate, cinnamic acid, 
and, in 15% yield, «-fluorocinnamic acid were isolated. (The mixture was treated with 
alcohol and hydrochloric acid to destroy the excess of sodium hydride; this may explain 
the formation of ethyl benzoate.) It is surprising that the product contains free acids, 
but even more so that, from the unidentified liquid fractions, we obtained a 2 ; 4-dinitro 
phenylhydrazone which, according to the analysis and the ultraviolet spectrum (see below), 
was that of «fluorocinnamaldehyde. Reduction has not been reported before in sodium 
hydride condensations 

Che sodium hydride-catalysed condensation between cinnamaldehyde and ethyl fluoro 
acetate gave a mixture of 1-fluoro-4-phenylbuta-| : 3-diene-l-carboxylic acid (14%) and 
its ethyl ester (20%). From p-nitrobenzaldehyde, a 13°, yield of «-fluoro-p-nitrocinnami 
acid was obtained by Perkin’s method. 

When o-chlorobenzaldehyde was condensed with ethyl fluoroacetate in the presence of 
odium hydride, the reaction proceeded only to the stage of §-o-chlorophenyl-«-fluoro-6 
hydroxypropionic acid, probably owing to the stabilising effect of a hydrogen bond between 
the hydroxyl group and the o-chlorine atom. Indeed, in the infrared spectrum of the acid, 
one finds in addition to the usual (3325 cm.-!) band of the alcoholic hydroxyl, an intense 
absorption at 2560 cm.', indicating a very strongly hydrogen-bonded aliphatic hydroxy! 
group; the carbonyl absorption lies at 1725 cm."', «.¢., in the region characteristic of a 
aturated carboxylic acid. 


fhe condensation of m-nitrobenzaldehyde with fluoroacetic acid under varwus 
conditions gave a number of abnormal products which will be reported later. In a Perkin 
type condensation, for example, a compound C,,H,,0,N,l was obtained, whose infrared 
pectrum suggests an tsobutyric acid, NOC, H CH(OH)-CF(CO,H)*CH(OH)-C, HNO, 

Spectra.—Comparison of the spectra of «-fluorocinnamic acid and 1-fluoro-4-pheny!| 
butadiene-l-carboxylic acid with those of the corresponding non-fluorinated compound 
hows that the fluorine atom exerts a hypsochromic influence (160 and 120 A 


re pectivel } 
Min. (A) 

innamic acid 620 (low ¢ 4°36 2260 (log € 3°70) 
CGinnamic acid * 2780 2550 
|-luoro-4-phen ylbutadiene-1l-carboxylic acid 1020 (log € 4°63) 2470 (log € 364) 
i-Phenylbutadiene-|-carboxylic acid ° 3140 2500 
* Landolt-Bérnstein, ‘‘ Physikalisch-chemische Tabel \ Part ¢ » 134 *’ Smakula, 

Angew. Chem., 1934, 47, 657; 1935, 48, 152 


Equally, the 2: 4-dinitrophenylhydrazone of our supposed «-fluorocinnamaldehyde show 
maxima at 3710 (4-21) and 2500 A (3-92) and minima at 3010 (3-37) and 2440 A (3-89) 
whilst for cinnamaldehyde dinitrophe nylhydrazone maxima at 3890 (4-68), 3040 (4-18), and 
2365 A (4:32) and minima at 3265 (3-95) and 2830 A (4-04) are observed. Johnson ® report 
the longest maximum of cinnamaldehyde 2 : 4-dinitrophenylhydrazone at 3910 A (4-59) 
Che hyp ochromic effect of the fluorine atom in tl ise } ISO A (for the longest 
ibsorption band) 

For a-fluoro-p-nitrocinnamic acid, the maxima lie at 2500 (4-03) and 3120 A (4 17) and 
1 minimum at 2630 A (3-64). As Purvis ® reported for p-nitrocinnamic acid an ab orption 
maximum at 2040 A, the fluorine atom would exert in this case a slightly bathochromi« 


Ka ] and Vre men, j 1mer CA 
ind Christman, tid, p. 15s! 
if 1953, 76, 2720 


i, 1915, 107, 966 
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effect, as compared with the cinnamic acid, provided that the steric arrangement is th 
ame as in «fluorocinnamic acid. In this respect, it is recalled that «-fluorobenzyliden 
acetophenone has practically the same spectrum as the non-fluorinated compound.® 

In the infrared spectrum,’ the C:CF grouping absorbs at 1100—1200 cm.~, 1.¢., in a 
region in which also many oxygenated compounds absorb and which, therefore, is not very 
convenient for the structural analysis of the compounds described here. In ethyl] 1-fluoro 
1-phenylbutadiene-1l-carboxylate, the bands characteristic of the conjugated double bond 
and the conjugated ester grouping lie at 1643 and 1720 cm.', respectively. The corr 
ponding bands in the corresponding free acid and in a-fluoro-p-nitrocinnamic acid have 


been observed at 1639 and 1690 cm.-! and at 1606 and 1704 cm.'!, respectively.** In the 
last compound, the C=CF band at 1124 cm.~! is very conspicuous 


EXPERIMENTAI 


for the preparation of fluoroacetic acid and its anhydride the following modification 
known ” methods have proved advantageous : Dry sodium fluoroacetate (50 g.) was adde« 
concentrated sulphuric acid (100 ml.) in a Claisen flask By gentle heating and stirring 
homogeneous solution was obtained his was distilled in vacu the acid (37-1 g., 95%) o1 
redistillation had b. p. 167--169°/760 mm 
hluoroacety! chloride ” (38-7 g.) and sodium fluoroacetate (42-0 g.) were added to mineral oil 
150 ml.) which had been freed from volatile constituents at 200°/30 mm, The mixture wa 
heated under reflux at 110-—120° for 90 min, and then distilled under 30-—45 mm. pressure, The 
is collected up to 116° and redistilled; the anhydride (44-4 g., 88%) had b. p. 90 
03° /20 mm 
Condensation of Benzaldehyde and Fluoroacetic Acid r } uxture of freshly distilled 
benzaldehyde (16 g.), dry sodium fluoroacetate (15 g.), and fluoroacetic anhydride (20-7 g.) wa 
heated under reflux for 8 hr rhe product was steam-distilled; from the remaining aqueous 
fluorocinnamic acid (1-0 g., 2%) slowly crystallised After being sublimed in vacuo, it 
147° (lit., 157-6°) (Found: C, 64-6; H, 4:3 Calc. for C,H ,O,! C, 65-0; H, 4-2° 
odium hydride (7-2 g., 03 mole) and anhydrous ether (65 ml.), contained under 
it solution of benzaldehyde (31-0 g., 0-3 mole) and ethyl fluoroacetate ™ (31-8 
in anhydrous ether (100 ml.) was added slowly with stirring; stirring was continued 
Anhydrous alcohol (14 ml., 0-3 mole) was added cautiously, followed by 20% hydro 
rhe aqueous layer was extracted with ether, and the combined ethereal solution 
tracted with 10% sodium hydrogen carbonate solution, dried, and concentrated 
1 of the residue gave some benzaldehyde, ethyl benzoate (6-5 g.), ethyl ay-difluor: 


re 
w b. p. 99—101°/20 mm.), and a higher-boiling mixture from which by the 
} K 


cedure x-fluovocinnamaldehyde 2:4 dinitrophenylhy lrazone 0-6 g was obtained 
after recrystallisation from ethyl acetate-ethanol, at 200-—203° (Found: C, 54-6 
Hy! »,N ly requires ( 54-5 H, 3-4% rhe sodium carbonate extract 1po 
gave a-fluorocinnamic acid (7-5 g., 15%), m. p. 157 ifter a little benzo 
id had been removed by sublimation in vacuo 
nnamaldehyde and kthyl Fluoroacetate By the method described above, freshly distilled 
maldehyde (19-8 g.) was condensed with ethyl fluoroacetate (15-9 g.) in the presence of 
im hydride (3-6 z.). The mixture was refluxed with stirring for 10 hr. and decomposed wit! 
quivalent amount (0-15 mole) of aqueous hydrochloric acid Che acidic product, 1-fluo» 
lbutadiene-\-carboxylic acid, was twice sublimed at 2 mm, at 140° and formed crystals 
14 m. p. 192-5--193° (Found: C, 60-1; H, 48; I, 98. C,,H,O,F requires C, 68-7 
i od rhe neutral fraction was redistilled at 119°/0-75 mm it crystallised and 
melted at 40-42 Ethyl 1-fluoro-4-phenylbutadiene-1-carboxylate decomposes gradually (Found 
C,71-2; H,60%; M,190. C,,H,,0,¥ requires C, 70-9; H, 5-9% VU, 220 Hydrolysis gave 
the free acid 
innamic Acid Ihe mixture of p-nitrobenzaldehyde (5-0 g.), sodium 
5 w.), and fluoroacetic anhydride (9-4 g.) was heated at 145° for 13 hr The 
isolated by extraction with aqueous ammonia and acidification of the extract 
Ithup, /. Opt. Soc. Amer., 1950, 40, 397 
muben and Hance, /. Amer. Chen 1953, 76, 3352 
! id Willis, 7., 1951, 877 
ind Stacey, / 1048, 177 
id lank, /., 1053 
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was purified by sublimation (170 ind then had », 200 
iat lo Found: ¢ H, 3-0 


13%) The carbon analysis wa 
C,H,O,NF requires C, 51-2; H, 2-8; N 
t-fluovo-B-hydroxypropiont ! } manner described above 
le (21-0 g.) and ethyl fluoroa condensed in the presence 
ride (3-6 g rhe resulting acid wa ly recrystallised from water and 
rmed platelets (yield 4-8 g 15 ou Ci, 16-2; F, 8-7 
C,H,O,CIF requires Cl, 16-1; F, 87%) 
2-Fluoro-1 : 3-dihydroxy-1 : 3-di-m-nitrophen i feid rhe 
de ition of fluoroacetic acid and m-nitrobenzalde ut as described for 
p-isome! rhe acid (yield 2-1 g., 33%) was purified | ublimatior ind melted 
at 174-176" (Found N, 7-3; ] - ,F requires C, 50-5; H 


| 
f 
Perkin con 


the 


benzene 


n wa ‘ urnied 


155° /0-9 mm.) 


C, 49:2; H, 3-2; 
3-4; N, 7-4 

were determined on é ! cept for ethyl 1-fluoro 

uN in chloroform (0:0414 g 


These 
l carboxylate whose spectrum 
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and Gallium T'richlorides. 
By N. N. GREENWOOD and 


>) 


WADI 
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but there 
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are powerful Iriedel-Crafts acylating agent 
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ind these complexe 
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In all other systems the ligand 
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(s;ALLI RICHLORIDE 1s known to co-ordinate to ammonia 
nitrile vell as to dimethyl ether * and f-nitrotoluen 
contain chlorine, and this i 
Hydrogen chl that a subsidiary ligand such a 
toluene,® mesitylene,® o1 8,9 is | it to stabilise the proton, In all 
especially those in which chlorine lonor, gallium trichloride show 
trichloride trichloride co 
table complexes 


halogen atom, usually pre 
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Lin 
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contrast, boron 
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elements in Groups V a but forms few 
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which chlorine is the donor atom i-metal chlorides do 


compounds analogous to the tetrachlorogall ‘? there are no complex 
with methyl or n-propyl! chloride, and, even when compounds are observed 
d isopropyl chloride, they do not occur at t] ratio and melt 
low temperatures.! 14 
der to establish more clearly the reason for this difference in behaviour betwee 
chloride on the one hand and aluminium and gallium trichlorides on the other, the 
tems of boron trichloride and gallium trichloride ith acetyl chloride and benz: 


re tudied Lhe properti of the compoun formed between aluminium 


1419 | 


e acyl halides are well known und were not further investigate 
composition BCl,,AcCl has been reported previously,” and some propertie 


21, 22 e result 
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46 mm. pre i nl hn p ‘ssive fraction 
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ign of reaction vessels used for particular experiments depended on the volatility of 


tants, but the method used to prepare mixt f gallium trichloride and acetyl chloride 


determinations may be described, as ty; la) was flamed 


ind then filled with dry air A sample tu if gal chlo vas weakened 
weighed, broken cleanly, and placed hen sealed at point | 
is evacuated and the gallium trichlor Va ublin la into umb © whuicl 

2 lube D was broken open, tl ibe were weighed, 


if gallium trichloride was calculated lj rm Che 
was vacuum-distilled from a bulb held at o a weighing tube (Fig. I/ 


h it was distilled at low pressure into limb B h w then sealed at 3 


required amount of 


loride warmed to room temperature, it rw rapidly absorbed by the solid 


f vith considerable evolut i eat I transier wa completed by 
illy sealed at 4 


graduated in 0-01 ml. wa pre] ion of mixtures of gaillum 


A semuimiucre 
jlatile at room temperature The 


purette 


trichloride and benzoyl chloride, as both components were it 
benzoyl chloride, in a burette protected by means of a phosphoric oxide guard-tube, was rut 
on to gallium trichloride in a B14 test-tube wit! : I hich also carried a phosphor 
be ilicone grease was found to be the 1 titable lubricant for the burette tay; 


it} ‘ mat ing the apparatu 


Che n vas determined after each addition Py 


iG 


Trop for 


grease AcCl 


Reacts 
4ulb 


i mercut 


isuvement lemperature ve , : re 


thermomete! below 20° an alcohol-in-gl: the ! er which been calibrated against 
a platinum » thermometer was tem were applied 


In some in re g., boron trichloride—benzoy! : to immerse the ther 


1ixture and plot warming cur d, the sample 
ery slowly (le than 1° in 5 min the m I ire OF Gisappe 


the solid phase being taken as the m. p 
Vapour pre ires were read directly on mercury | f In some systems th ts 
required for vapour-pressure equilibration, but for the pur mponents equilibrium was attaine 


ifter a few minutes. Low temperatures were maintained by the addition of pellets of solid 


dioxide to a stirred bath of alcohol in a Dewar fi 

il conductivities in the system boron tri rick enzoyl chloride were measured 
by means of a circuit and cell 
4-146 cm. ! rhe conductivity 


is measured with dipping elect: 


ilread lescribed.* ™4 Lhe 
mpound gallium trichloride 


mstant 0-377 cm. ! 


Ky 


hloride {celvl Chloride i tial pha ram in th 69", 


ar y hile \ obtained by condensing the icuum.-line in a reaction 


bulb ¢ 78° and then allowing the white, cry line pr ict irm slowl results of 
are presented in Table 1 and Fig. 2 The m curve hi road maximum 
2: l ratio 


iderably above the 


and there 18s no evidence of other 
the compound boron trichloride-acet 


tin Ekmeléus, /., 1950 


I la 
1051, 1328 
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for the pure components (BCI, 107°, AcCl 98°) and may be compared 
70° given by Meerwein and Maier-Hiiser for the equimolar mixture.” 
ure measurement it 0 ‘v he Wig nposition range (Table 4 


| Melting point of the lem, boron trichli e-acelyl chloride 
oOo 27s 32 46 \ 44°3 1-6 4°) 66-1 66-5 60-0 1L0Oo-0 
107 5 7 8 Os 
Vapour pressure of the system boron trichloride-acetyl chloride at 0 
Ov y 10-8 16-7 vai} 36 1k-6 
475 460 456 434 415 ; 304 


65:3 68-0 17 1 ¢ 100-0 
34) $14 , y AGH 


from Kaoult law big. 3 [his unext ul uggests that th 


ists only in the solid phase and that j | ct, the temperature 


lem ith 1 


) 


w ~” 
Ss Ss 
Ss Ss 


pressure( mm, 


~) 


4 
2 
° 
Q 
9 
> 


{ hown by 
oth melty point a id vapoul ire throug j everal thermal cycle 
issociation or compound-formation in the liquid p was further indicate« 
the heat of vaporization ot the equimolar mixture va ess than that of eit! 
aporization of the mixture could clearly not also involve the concurrent 
chemical bond Chus, the vapour-pressur leasureme! stock and Pri 
hlonde * imply a heat of vaporization of 6-28 kca ! ; ind this value wa 
the present work in wh ipour pre re é cd vere related to 


em perature bv the equ 


tive pre ITes 
determination of the 


of Wires 


17-16009 
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directly at the b p.,°% the vapo : vl chlomde was redetermined 
id 20 Che results are given lable : 20° they 


may be 
I mm, by the equation 


log p (mm 8.004 1684 
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porization of 7-68 k 
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lepende nee of the v Lp 


<ture containing 1-000 mol. of 
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confirmed that there was but little interaction 
[he conductivity of pure benzoyl! chloride was below the limit of 
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phenomenon of a system whic! eoush ibi 1 melting-point 
positive deviation from Raoult iw ha lread n alluded to in 

ults on the system boron trichlor hlot lt appears that 

a lattice compound which i ibilize olid v favourable 

onditions but dissociates completely on n I his demonstration of solid 
formation between two components whi A ociation whatever in the 
may resolve a controversy wlhuch | i ¢ apparent discrepancy 
pressure-composition cu { oO of aluminium halides in 

no indication of compound formation at room temperature,™ yet solid 

h a definite dissociation pressu vi tained ® on similar systems at 
experiments were presumab! it above the melting point of 

© that only positive | l hh | ir-pl I ur were 


to discuss the structure of thi ch gallium trichior 
ind benzoyl chloride in the solid and e liquid Any elucidation 
ion bY mean of phy ical pre I lepend ri uces on the care 
mponents are purified and handled t} it work, vacuum-line 
been used to ensure purity of ind tl sence of subsequent 
contaminatior moisture LD pite these p l | nheret instability of molten 
gallium trichloride-acetyl chloride precludes 1 e mea ( of significant 
phy ical properti but the corre ponding com] ‘ royvi ch ( ! I from thi 
drawback and reproducible results can be tained ( al conductivity of 
| trichloride-benzoyl chlorid licate ( ! e onl lissociation an 
othetical structures may be consid ormed implest of 
e from the donation of a pair 
give benzoyl tetrachlorogallat: 


Ph-CO-Cl>Gatl 


> 


would explain the electrical conduc 1 lytic action in a straight 
which is now generally accepted.™ onsi it with the fact that the 
ds with boron trichlorid the liquid phase, sinee 
unstable tetrachloroborate Kistence of whi as yet 
unambiguously in any compou bility of the tetrachloro 
umably related to the small ( t f m as mentioned earlier 
it is not a direct steric eff ple odel will demonstrat: 

to pa k even four iodine aton t i iDo ) mn (ef. al 

tetraiodide 
for the addition co 

“ on the basis of propert , 
with acyl bromide Howe ! irgument i ( ippeal 
nor the experiment LP] eC] e] ' n the structure 


—_— Ga Cl, 
2Ph- COC! + Ga Cl, fs + aCl, 


advantages over the pt ikes thy terpretation of 
lwo further 
Phel Ort 
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ct that the gallium aton il] on-deticient and ther: 

a dissociating chlori nl a more powertul 

ent to stabilize the gallium by co-ordination.*® In the 

of a solvent, such systems would tend to form quadricovalent molecules, which 

yt accord with the high conductivity of the molten complex rhe principal structural 

which distinguishes the first mode of ionization as benzoyl tetrachlorogallate from 

er hypothetical modes is that only for this first scheme does all the gallium appear 

n lracer experiments with Ga have been designed to follow the migration 

iz electrolysis of the molten complex and the results will be published later 
vratefully 
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308. Stability, Solvolysis, and Co-ordination Reactions of Eaters of 
Boronic Acids and their Halogen Derivatives. 


P. B. Brinptey, W. Gerrarp, and M. IF. LAPPERT 


of n-butyl and phenyl boron acid RK«BiOR 2 and n-butyl 
ind phenyl-halogenoboronite R*-BHaleOR’, and » ityl(and phenyl 
alides K-BHal,, have been studied in respect of their thermal 
hydrolysis, alcoholysis, and co-ordination tion of pyridine 

Where evidence 1s available, mechanisms ars uggested and the 
emblance of these three classes : cul | ol , alkoxy 


, and boron trihalides is pointed out 


or aryl-boronic acids and of alkyl- or aryl-boron dihalides, R-BHal,, we hav 

the hydrolysis, alcoholysis, thermal stability, and co-ordination reactions of thes 
wherein R Bu® or Ph and Hal I or Cl 

esters of boronic acids are hydrolysed to the parent acid e (1)] is known 


lation of the study 44 of esters, R-B(OR and halogeno-esters, R*-BHal-OR 


iulkylboronic acids are hydrolysed more slowly than tho f arylboronic acid 
ters of boric acid ind thi nay be utilised tr eparation ol kyl 


R-B(OR’), + 2H,O p= 2R-B(OH), + 2R’OH 


from trialkyl borates.! uch hydrolysis might involve either alkyl-oxyge 


iT 


ven fission [he latter is probably the usual mechanism because di-( 2 
h 


ptyl phenylboronate afforded the (-+-)-alcohol, without loss of activity, and dineo 
ylboronate gave neopentyl, and not a rearranged, alcohol Che configuratior 
jum activity of the (+-)-2-methylheptyl phenylboronate were calculated on the 
imption that its preparation from phenylboron dichloride and ( octan-2-ol [see (10) 
urs with complete retention of configuration, as this appears not to involve substitution 
etric carbon atom 
of boronate ee (2)) led to exchange of alkox« group when the 
er boiling point than the alcohol of the original ester. This wa 


h vields of n , 180-, and se butyl phi nviboronate obtained fro 


R-B(OR’) 2ROH == R-B(OR’) 2R'OH 


ronate i tion also probably involved boron-oxygen fission, bes 


yiboronate was obtained when ( octan-2-ol interacted 


phenylboronate 
vas no evidence for compound formation between pyridine and n-butyl phenyl- o1 
oronate, but a stable 1: 1 complex was obtained with di-(2 : 2 : 2-trichloroethy! 
boronate That the electron-attracting chlorine atoms have increased the a 
boron for co-ordination with nitrogen would be a plausible enough explanat 
ot that tri(-2 : 2: 2-trichloroethyl)borate, like other borates (except trimetl 


1 


), gave no such complex; the explanation woul 


f 


| be valid if steric hindrat 
i to thy boron atom in the he avily chlori ited borate were re pon ible 
well as n-butyl-alcoholysis, of n-butyl n-butylchloroboronit 
2Bu"-BCI-OBu 2H,O ® 2HCI + Bu*-B(OBu") Bu"-B(OH), 
Bu* BCI-OBu Bu"OH > HCI Bu*B(OBu"), (4) 


jutylboronate [see (3) and (4)]. Whereas addition of n-butyl phenylchloro 
of pyridine afforded an unstable 1 : 2 complex, which may have 


id Lappert, /., 1955, 2056 


4 
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1956; Co-ordination Reactions of Esters oj 
ionic structure, (Ph*b-OBu",2py)'Cl-, the addit ol pyridine (L mol.) to #-butyl a-butyl- 
chloroborot > m ls.) led to disproportior itior ce (k 
2Bu"-BCI-OBu" + py = Bu-BCl,,py + Bu-B(OBu"), (5) 
Both butyl phenylchloroboronite and n-butyl »-butylchloroboronite were stable for 
it 100° but decomposed slowly at 200°, the former compound being the more stabl 


of anhydrous ferric chloride catal 
Similar decomposition of ( 


3 hr 
inn Doth cases trace ed the decomposition, and a rapid 
ee (6)| was then observed 2-methytheptyl 


R-BCI-OBu > R-BO 


iction at 20 
(6) 


BurCcl 
with little loss of activity The 
determining B—Cl heterolysis 


mite afforded ( )-2-chlor 
ubsequent alkyl halide 


ition of these compounds probably 
catalysed by Lewis acids [designated A in (7)), 
then taking place by an in-line chanism (8) 


R-9-8- dj: Y A sete Setermining, am 6 faci] 


R R 


L rate 


= “g / 
“~~ cic + OBR (8) 
' 


= + 
faci] — A+ cr pe on| 
" 


n-Butyl phenyl- and n-butyl-fluoroboronite undery lrolysis in an excess of water 
a acidimetric estimation for 


acid and hydrogen fluoride, 
al proportionation 


oroni 
d fluorine Addition of pyridine to 1 effected 
When n-butyl n-butylfluor e was heated at 80° for 5 hou 


yportionation (see (9); occurred (see a i 
(9) 


Bu*-B(OBu"), 


to (5) 


4 


2Bu"-BF-OBu" > Bu" BF, 
previously been demonstrated in a few isolated examples that alkyl- or aryl 
on alcoholysis give alkyl- or aryl-boronic esters.4. It is now shown that 

he alkyl alkyl(or aryl)chloroboronite 


y the relative proportion of 


It ha 
boron dichloride 
i step-wise reaction |see (10) and (11)}, invol 
intermediate, and the product isolated | rmined b 
Further, the influence of brane y the alcohol must be considered 
and sec.-buty! alco! tan-2-ol (2 mols.) with phenyl 
of the re 


this! 


nt used 
on 


ter, tert -butyl alcohol gave a 


Ph-BCI, 4+- ROH => HC! 4+ Ph-BCI-OR (10) 
Ph:BCI-OR + ROH =m HCI + Ph B(OR), (11) 
(12) 


Ph BCI, -+- 2Bu'tOH > 2Bu'Cl + PhB(OH), 
hloride This difference 


t\ | phe nvlboronate 3 


rut 


each of n-, 1s0-, 
ave high yield 


ride (1 mol.) g 


and a side-reaction (12) proc 
hn 


due to attack of the hydrogen chloride rmed 
tability of tert.-butyl phenylchloroboronit: or to th with which fert 
ts with hydrogen chloride [he ction was avoided when the 
was carried out in presence of pyridine (see also ref ‘BCL, 2ROH 2py 
2py, HCl This reaction does | ive a pyridine-phenylboron 
reaction 18 instantaneous at 


an intermediate, because th b 
' ol and pyridine is slow even at 


ol rea 


*B(OR), 
plex a 
eaction of such a 1: 1 complex 
Ph-BCl,,py + 2Bu"OH + py > Ph-B(OBu*), + 2py,HCl (13) 
be prepared from the co hown in scheme (13) if 

are heated in chloroform for 6 hi 
e with phenylboron dichlorid if ’ lid comple. Neither 


iel Becker, Be 1880, 18, 58: 188 
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n-butyl analogue was soluble, or hydrol 
gave with pyridine a liquid 1: | complex 
dichloride and n-butylboron difluoride 
rolysed quantitatively to hydrogen 
timations for halogen and boron 
further « 
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by acidimetric e 

2 of boronates and borates i t 


between the haloge n derivatives of these « 


milarity trated by the press 
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involve boron-oxygel on.*® Alcoholysi 
xchange Hydroly I and alcohol of dichloroboronit« 
ind chloroboronates, CIB(OR),, result in evolution 
ition or alkoxylation re pectively, of the boron atom 
1) comple xe 9,10 and are thermal! 
of Lewis acids such as ferric chloride 
but di proportionation 
ilone.?!! rhe nature of 


imilaritu 
f borates normally 


Ol 


( alkoxy { 
f hydrogen chloride 


7,8 These esters wi 
e stable (usually | decomposed to alky! 
decomposition is catalysed by trace ‘ 
not give a complex with pyridin 
compound is heated 
ds on the branching in the 


tT! 
fluoroboronite doe 
ilso take hi when the 
of boron trichloride depen 
Those with powerfully electron-releasing groups (e.g., tert.-butyl or 1-phenylethy 
he alkyl chloride, whereas others afford hydroge1 oride and alkoxylation 
itom.® 1% When pyridine is used, only alkoxylation is observed,®* but the 
le com x ¥ although the 


not proceed through a pyridine-—boron trichlorid 


ct obtained on alcoholysi 


mplex for the pr pat ition of borate Is gene ral 13 
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and boron trihalide 
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\ll the pyridine was with 
borate formed no complex 
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lability f 5 y 1-Bulylchlovoboronite When fers Ho » 0-0535 2 
ter (2-04 at 20° an immediate heat of reaction wv observed After 10 min 


matter was removed at 10 mm., and n-butyl chloride (1-54 g., 100%), b 


n 1-4023, was collected at BO) Ferric chloride was removed from 


by filtration and washing with ether The filt e afforded n-butylbore 
b, p. 130°/13 mm., nf 14208 (found 2 i for C,H,OB 
lis are based on scheme (6 
jility of the ester in the absence of a catalyst was mined by the method de 
ults are shown in Table 2 
Le ym po ition of 2 Methytheptyl Phenylchlovoboronite loth hloroboronite (1 
erric Chloride (0-05 g.) was added at 20 The mixture wa t aside for 1% 
et solid Distillation afforded 2-chloro-octane (0-93 g., 94% b. p. 60°/12 
1-4272, and phenylboron oxide (0-84 g., 95°%,) was obtained from the solid re 
cheme (6) 
n of Pyridine and n-Butyl Phenylfluoroboronite Pyridine 5 g., 1-3 mols 
WOK was added dropwise to the ester (2-60 g., 1 mol.) in n-pentane (10 c.c.) at 0 


ecipitate which was instantly formed was filtered off and identified as the 1 


between phenylboron difluoride and pyridine [1-50 g., 100% based on scheme (6 
ound: B, 6&7; C,H,N, 39-9. C,H, NF,B require 5-3; CyH,N, 38-69 


I 
n of Pyridine and n-Butyl n-Butylfluoroborontite lo the boronite (4°35 g., 2 mol 


10Y 
yyridine (1-08 g., 1 mol After 1 hr. at 20° there was a separation into two 
vas di-n-butyl n-butylboronate (2-90 g., 99%), b. p. 90°/4 mm ny 1-4169 
whilst the lower on distillation afforded the 1: | compound between n-butyl 
le and pyridine (1-81 g., 72% b, p. 74-—-76°/0-01 mm., te 11-4655 (kound 
= ' 
C,H, NBII 


2 requires C,H,N, 42-6%, ields are based on a scheme analog: 


e products were obtained when the order of addition of the reagents was reverse 
Stability of n-Butyl n-Butylfuoroboronite When the freshly prepared ester (8-7 
) hr.) under reflux at 80°/20 mm., n-butylboron difluoride (2-84 g., 98% 
ny” 1-3272 (Found: F, 35-3; B, 10-1. Calc. for C,H,F,B: F, 35-8; B, 1 
70 Phe residue gave a forerun (0-85 », 68-—110°/15 mm., nF 13985 
n-butylboronate (4-35 g., 74%), b. p. 110 2°/13 mm nv 14164 (hb 
ls are based on scheme (9 
i Phenylboron Dichlovride a) With n-butanol (1: 1 the dichloride 
is added n-butanol (2-10 g., 1 mol Lhe mixture is allowed to warm 
it a current of nitrogen was passed Hydrogen chloride (0-98 g., 99° 
absorbed in potassium hydroxide Distillation afforded n-buty 
96%) and a residue (0-20 g Yields are based o1 
The aleohol (1-66 2 1 mol _ i was 
1 mol 80 Distillation afforded ethylheptyl phe 
70° b f 0O-l mm an 0-5”, ni 14865 , 0-965 (bound 
1h} require 14-0; B, 43%) 
i: Phe dichloride (3-60 g., 1 mol.) w dded slowly to the al 
ind the mixture was kept at 80° f +} hr., whereupon a 
10” /6 mm., a condensate of flert.-butyl chloride | 1-36 33°, based on scheme (13 
1°/760 mm., 7? 1:3873, was collected and there wa asty white residue (4°24 g 
ished with n-pentane and filtered off The filtrate afforded di-tert.-butyl phe 
51°%, based on schemes (10) and (11)), b. p 5 mm., n? 1-4650 


und a solid remained 


j l v4 Lhe che . he ? } 0-05 molar 
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to phenylboron dichloride (1 mol.) at [he loss in weight at 20 mm 
he vn i } 4 


» hydrogen chloride. Results are 


PABLE 3 Yields based on 
yield (%) of HCI Yield (% B 
“4 
OF 
oO 
so 


stanol in presence of pyridin } leohe g., 2 mols.) and pyridine 
in chloroform (25 c¢.c.) at 70 vide ropwis h shaking, phenylboron 
dichloride (6-20 ¢., 1 mol.) in chloroform (20 c.« Wi aside for 12 hr. at 20°, 
whereafter the volatile matter was withdrawn 10 mm n-Pentane was added and 
pyridinium chloride (8-00 g., 90%) (Found 30: C,H.N, 66-6. Cale. for C,H,NCI 
Cl, 30-7; C.H,.N, 685%) was filtered off » filtra rded di-n-butyl n-phenylboronate 
(9-00 g., 99°.) which on redistillation had b ‘ * 1:4747, d?’ 0-9245 (bound 
Bb, 4-6 
1 ¢ ym ple v between Phenylboron D de (Il mol.) and Pyridine (1 mol.) with 
(a) At room temperature The I x 1 mol.) was allowed to 
0-583 g., 1 mol.) and n-butano g., 2 mol in chloroform (10 ¢. 
whereafter the solvent was remove: : 20 mm., n-pentane added and the 
rhe filtrate, after evaporation at y n , left no residue 
ing chloroform The complex (1-92 g mol the alcohol (1-28 g., 2 mols.), and 
0-635 g., 1 mol.) were heated under reflux | loroform (15 c.c.) for 16 hr The 
is removed in a vacuum (20 mm.) pent idded to separate pyridinium 
chloride (1-853 g., 98°) (Found: Cl, 30-4; C,H vhich was precipitated, and di-» 
utyl phenylboronate (1-54 g., 83%), b p. 92°/0-3 mm ” 1-4750 (Found Bb, 46% Yields 
» based on scheme (138) 
Interaction of n-Butylboron Difluoride and Pyridine yridine (2-88 g., 1 mol.) in n-pentane 
was added to the difluoride (3-88 g., 1 mol.) : The reaction was very vigorous 


hite precipitate was formed instantly. After i it 20°, the precipitate di olved and 


two ers had separated he pentane was removed 0-1 mm. and the residue, a viscou 


coloured oil, was the 1: 1 complex (6-70 g., 99° ny, 14651 (Found: C,H,N, 440% Lhis 


tilled, then having b. p, 78°/0-01 mm., nj 1.4665, d{° 1-075 (Found » Brat wa. as: 


42-3. C,H,,NF,B requires C, 58-4; H, 7.6 Cr 12-6 
irate experiment, the addition of the difluoric 26 I mol.) in m-pentane (10 c.c.) 
line 1-88 2 mols.) at 80°, also afford thie | complex (1:82 g., 83° b. p 

0-01 mm., nj 1-4670 (Found: C,H,N, 42-8 

f Phenylbovon Dichloride and Pyridiy line (0-82 g., 1 mol.) in #-pentane 
| to the dichloride (1-63 g., 1 mol.) u f olvent (20 « at BO The 
is instantly formed vith n-pentane, and freed from 
The ] ] ¢ ym plea 2-45 } opaque lound Cl, 30-0: 
C,, Hy NCI,B requires Cl, 2! 1, 33-2 5%), was thus obtained 
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309. Nucleotides. Part XXXVI.* Adenosine-2’ Uridine-5’ 
Phosphate ° 
SZABO, and Sir ALE} 


no phate Ne been 
benzyl phosphoroch! 
remo‘ 
properti 


j 
I 
lad 

yi enosine 


fopp! recently reported the first synthesis of a dinucleotide containu 
ernucleotidic linkage characteristic of the natural nucleic acids [he syntheti« 
ymidine dinucleotide howed the same behaviour towards enzym«e 


/ 


al 
jtides found in hydrolysates of natural deoxyribonucleic acids, thus providing 
nfirmation of the tructural pattern of the latter Clearly corre pondir 
liribonucleotides would be of at least equal value in the chemistry of ribonu 


d, indeed, because of the idy availability of ribonucleosides a tarting 


inary although su u xperiments on sucl 


i 


{ 


es were begun in 
ories more than two y ago by Dr. R. H. Hall \s in the deoxyribonu 
the first objective w ynthesis of a dinucleoside phosphate which would 
poly nucleotice ynthes« Diribonucleoside-5’ 

e were of little interest since there 1s good 

leotidic linkage do not occur in ribonucleic acid | 


5’-linkages were likely e information of structural! 


the cis-a-glycol group in the ribonucleoside é in adenosine I 
, r } 


ates the synthesis of the dirtbonucleoside-2’ : ! ind -3 


Ol 
eo pho phat 
Ihe only obvious method of unambiguous synthesis is the condensatior 
otected nucleoside, ée.g.,(1V; | uracil residue with a protected nucleosid: 
eg., (Ill \ adenine residue), with a mixed anhydride of a 

leotide with some stronger acid. Phosphorochloridates in the mbonu 
normally prepared by halogenation of the corresponding nucleosid 

i.¢., they are nucléoside benzyl phosphorochloridates, and hence wher 

a nucleoside derivative the first product (¢.g., V) must be a triester of 
uch a compound can have rea onable tability only if there 1s no fre 


in either nue leo ie re icdlue idjacent to the pol Ol attachment 


‘ In other words, with this type of synthesis, complete removal of 


2 


there is any loss of other protecting groups is essential; moreover 
groups on the nucleosides must be such that they can ubsequentl 
r conditions which avoid hydrolytic breakdown of the labile dinucleo 


O-acetyladenosine has been prepared by Brown, Fasman, Magrath, and To 
ct ition of 5’-O-acetvladenosine Ihis method 


very conveniel 
reparation but a satisfactory alternative wa 


lation ’ 8 ’-Tn-O-acetvladenosine ré 


ie When these 


n and heated ju 
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It is of interest that neither by this method nor by 

lation have we ever isolated any 2 11-O-acetyladenosine Whether this is 
ctive acetylation at C;,, or to migration acetyl group from Cy) to Cy, during 
tercurrent distribution proc 1 aqueous media ts still an open question 
rresponding to a diacetyladenosine ( rved on paper chromatograph 


ponalng 
roduct obtained by either meth but in the ; nee of a pure reference 
li-O-acetyladenosine it is diffi value of this observation 
method of preparation having 1 


cetyladenosine an accessible 
1 it Ww decided to use it 


ire a dinucleoside-2’ : 


On 


Ue EO SC 
= |} 
OAc OAc OH 


D1-O-acetyladenosine-2’ benz phosph * was chosen a5 an appro 
in acetylated dinucleoside pl experiment it wa 


il of icetyl groups without iffect yi group wa be t effected 


irium hydroxide at pH 9-6 


j 
noseine wa converte 


ine-2’ benzyl 


hlori » (III) which 
as prepared in solution as required and used immediatel\ With 
icetyluridine ® (IV) at 


ynplex mixture, whi Wa nated in pr ne acetic acid 


di-O-acetyladenosine-2’ | 


group, then deacetylated exchange chromato 


in (formate form ridine-5' phosphate (V1) wa 
acid and crystallised fr 
ite showed all the ] 


ianol in colourle needle 

1} | on the basis of the known 

cleotide monoester i ! ic acid With O- IN aqueou 
j ) 


it yielded uridine ne-2’ and adenosine-3 
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Purified 
culated 


i 


nake-venom 


di 
molar 1 
ubstance 

by 


atio, found, 1-2: ] 
) linkage on the 
iffected 4 


Hiee! 
r 


i buffer 
debted to Dr. L. A 


he synthetic material 


Periodate 
pave 


is kindne 


oxidat I 
urs 


pel for h 


ld of adenosine-2’ uridine-5 pho ph ite obta 
materials and solv is low (ca 
umn further elutios 


he) 


~ 
mainly 
ore firmly | ] 


heid but 
thi 


yrop 


a mixtul 


unstable 1 


lithymidine 
Whether the 


hosphate 
eactivity in either one 
of unstable pyrophosphate 1 
adenosi / and ad 
e by thi 
r, ed 


' 
ait 


uncert 
a eno 
inucieoti 


to ¢ Kpect 


compoul 


1 (1300 c.c.) and the 
ler reduced pre 


ad one 


‘aden 

tri-¢ 
mixture kept i ire for 
ure, water (250 c.c.) w added to t 
chloroform (the chlorof« 


1 to half volu 


2 yladeno 


e with 
etyladen 


14 
ine wna 


rT 
; el 
vhere 


ernight 
135 


‘ 


ographic ¢ 


acet 


1) 


ion of diacet 
; 
4 


wetate 


otn 
lad ? 
K Cpal i 
iter) g 


ylat 
ga 
160 


é iter it di 
170 a 4 i j ‘ ts hac ) 7 


) 


fron 


ij acets 


sO) 3 


60 


105 


finel 
Laeno 

omplete melting 

shown to c« 


nie 


der ree ed 
then mM ij 
ntal mono 
ubjected to countercu 


Loo 


pre 
at 


tem 
‘ 


a4 g 


i i ine by paper 
ra I tI 


tomate 


TT 
ill 


6-lu ticine 
f iol. ¢ 1953, 2038, 319 
dd, /., 1953, 2040 
lL, and Hails 


1d 


Markha 


/ 


1054, 40 
ind | 


» 2206 


reatk 


ne 
I 


i 
'Y 
phat 


ne-o pho pna 


ribonuclea 
nucleosid 


ed by 


‘ pho ph ite 
enzyme 


ré 
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if r 


Methaz 
wetyladeno 
15 min | 
and the 


porau 
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er pro 


10n * 


tribut 
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te 
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Study of Melanin Formation 
for 36 hr. at 


temperature and the residue freed 


nperature till it formed a clear s« 
removed under reduced pressure 
from trac I tidine t# vacuo ove! phosphorx was next dissolved in 
of 65°), glacial acetic acid vided, and the solution hydro 


| ‘ 


iture and atmo pheri pre vil i palladium oxide catalyst 


d aqueous barium hyd pH 9-6 The solution wa 
cautious addition of barium lroxide during 2 day 


gh a column of Dowex 2 resi formate form; 9 3-5 cm 


at room 


with water Aden j Di phat was eluted 


matic fraction-collector f \ppropriate fracti 
freeze-dried The residue 
urless needle 


N, 15-5 
H, 4:8 


mall bulk under reduced pre ( id 
jueous ethanol, giving the 
ISO) lecomp.) (ound, 
luring 10 hr., 9-2 
i Found 
Whatman No. 1 paper 


95% ethanol ammonium 

1) 0-18 in propan-2-ol 
im sulphate (3: 2 

nt is made to the Kockefelle indation for it upport (one of u 


| iror ( Centre nat I de ia Kecherc he 


ork while on leave 


ey 30th, 1955 


Study of Melanin Formation by Us ° 4 Dihydroxy 


‘|\phenyl) 9 2 (3 Vs 4 Dihydroxy 1 Lay | phe nyl) . and 2 (3: | Dihydi 


» 


|\phenyl)-ethylamine. 


med in t 


It was found tl! the carbon 


during the reaction itions 


benzene ring \ 
those of their pre 
has und 
of the indo 
of melanin su 
ing coupling of indole units 
1On OCCUTITINE as a side-reaction 
| during 


iminate 


perimental error 


irbon atom, and 
elled specifically wit! 
lioxide should be 


pecihic acti 
Moreover, the 


it as that formed b 
melanin should be « 
les undergoing 

lhe 


lity of the px 


it of the amine, 
fact incorporated 
therefore 
tin bot! 


Mason, J/., 1961, 703 
1954, 351 
1954, 310 


1053, 845 


and Wright Study of Melanin lormation 


1 A 
— CH,°CO*CH.,: 


(1) 


Compound 
containing 
Mg 

—— 
DMs CO,H 
OH 
a 


(I) 
CO-CH(CO, Et). 


OAc 


(v) 


CHYCH,"NH JCI = CH,*CH,*NH2 


Imost quantitative 
f ethyl acetoace 


t-Duihvdror 1551 
itt 3 
irin-3-carboxylate by 


| chloride 


n derivative (LV) of et] $-oxocoumarin 

obtaimed ethyl 3 dihyadi oxocoum;: 
of acetylsalicyloy 
vin 


f sodiomaloni 
D-nitrosalicy 


i Ol 
D-1 itroacetophe none cot 
the hydroxyl group, but t ( t-Nitro 
d in high yield from 2-hydr oacetophenon Dakin 
(to VIII) and a imimoveratrot 
via 4-« » veratraldehy« 
unsuccess! weve! treatment 
h formaldoxime according 1 jeech's methor 
An attempted ra of 4-methoxybenzoy 
method netha c acid ve only 
2-(3 : 4-dihydrox 


ul 


{ d from 
i lower 
DY 
SCV et 
e (IX) 
ot the 


Vie ld ol 


Viating 
| 


lation 
cl I 


4-aminoveratrole 
method ® were 


ert 

ephen’s by 
ound wit 119 4 5O 
obtained 
heation 


Wa 
of Beech 
wa 


i Veratraldehyad 
ia X) as described by Swa ight.* 

etate | in the a ind position 

rochlonid XI) were 


preparing ethyl acetoas 


4-dihydroxyphenyljethyla obtained 
4-, and 5-nuclear positi ely he radiochemical yield 
mate to dihydroxyphenyleth ochlor ichieved were 0-4 
The results obtai 
nN labk l 


ummarised 1 


LABLI 


rmation 
2Zn-HCl 1h 
compound were truly labelle Vi ( trated b 
ome of the radioactive 2-(3 lime lamine from 
hree speci of th 
cinchomeroni 


6: 7-dimethoxyzsoquinoline 
then oxidised to cinchomer 


of the sample { 


Ol 
and 


pecil 1 
phenyljeth 


men 


wert 
obtained from 
retained 


the « f the « 
ion 14 


two 
methoxy! 3 -'4 phenyl) 


from 
whereas in 
phenylethylaming 
Wa Comp 

acid (XV t ilver thy 
no appre if rearrangement 

| ible assumption 


Inactive 
1a 
rachioactivity 
micotini 
ults (lable 
ynthese 
of the benzer 


1 it car 


into 4 


1 he © Te 


tage of the 


originate 
We have al 
and the 6-po 

/., 1909, 42, 477 


1874 


val 
AIC 


viamuine 


the 


10, 140 
99 
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TABLE 2, 


Kadioactivity (as CO,) 


6; 7-Dimethoxy:soquinoline 
763 
1225 
1136 


353%, arises from positions 1, 2, and 6 together Assuming cyclisation to 
) ; r b&b 


droxyindole to occur, it seems likely that only something of the order of 2% will 
n each of positions 1 and 6. (As two carbon atoms of the pyrrole ring remai 
appears probable that the entire pyrrole ring will remain unbroken; the small 
on of carbon dioxide from positions zn, 5, l, 5, and 6 might be due to com] lets 
of a small amount of the amine ) Chis would imp that something of the orde: 


vould originate from the 2 position Unfortunately we have not yet proved thi 


HO | 
HO®S 


the above synthesis is unsuited to the preparation of the required 2-(3 
1% phe nyl)e thylamine although it is hope d to do so late However, if 
are tentatively accepted they would correspond in the case of 5: 6-di-hyd: 
to the results in Table 3 
PABLE 3 
1 in 5: 6-dihydroxyindolk 2 3 


tal evolved CO, 19 2-3 


marked thus have not been measured directly ; they are merely appr nate, hypotheti al value 


rhese results could be readily explained on the basis of a polyindolequinone structur 
for melanin, involving linkage between the 3- and the 7-position : this was postulated by 
su'Lock and Harley-Mason ! (cf. Horner and Spietschka ™), and received support from the 
oxygen uptake experiments and pectroscopi determinations on various alkylated 
linydroxyindoles by Beer, Broadhurst, and Robertson,’’ although certain observation 
t with the similar experiments of Cromartie and Harley-Mason.4® We have already 
put forward evidence that the evolution of carbon dioxide during th 
melanin formation is a side-reaction, due to the action of hydrog 
peroxide which is formed during the primary reactions. It seems likely 
that the action of this hydrogen peroxide might be to split the linkage 
between positions 5 and 6 of the polyindolequinone, thus converting 
Crs) and Cg) into carboxyl groups. If these quinone residues are linked 
between positions 3 and 7, this oxidation might continue to position 4 
AY ( (5)» and Cy, 
in some of the units (cf. A). However, as C,,) is involved in the 
polymeric linkage, it could not split off without the polymer’s breaking 
down to smaller units 
Ihe fact that the 2-(3 : 4-dihydroxyphenyljethylamine molecules 
which undergo loss of carbon dioxide are in fact incorporated in or into 
the melanin follows from a comparison of the specific activities of the 
carbon dioxide formed by combustion of the melanins and of the original 
amine hydrochlorides (Table 1). Also, the relative amounts of carbon 
dioxide arising from the different positions suggest that oxidation 
occurs mainly after, rather than before, cyclisation and polymerisation 
melanins were boiled for 16 hr. with dilute hydrochloric acid, they underwent 
weight (ca. 15 a slight increase in carbon ntent and a slight change u 
nd Spietschka, Annalen, 1955, §91, | 


idhurst, and Robertson, /., 1954, 1047 
|! Harley-Mason, Chen and Ind., 1953 


and decarboxylation might result in the splitting off of ( ( 


Use of 2-(3 : 4-Dihydroxy[3-4C | phenyljethylamine, etc 1553 


vit Longer boiling, however, appeared to bring about little further change 

In the following considerations, the specific activities of the melanin samples 

been boiled for 24 hr. with acid are therefore used. Evaporation of the acid 

yielded a dark brown, gummy residue, which di lved readily in water to give a 
ion which gave a dark precipitate when neutralised with ammonia 


PABLI 
min.) of 
Compound ; duced on combustion 
ihydroxy|4-'"C]phenyljethylamine hydrochloride 1320 
not retluxed) , ' 1220 
refluxed for 3 hr. with 2n-HCl 1167 
y I ‘ 1146 
r 1140 


rhe specific activities of the “ purified "’ melanis in be explained if it is assumed that 
one indole unit in five in the polymer loses carbon fri positions 4, 5, and 6 This would 
require the melanins obtained from 2-(3 : 4-dihydr 3-@Ciphenyl)- and 2-(3 : 4-di 
hydrox 4.14% phe nyl)-ethylamine to have 86-5 radioactivity of the corre ponding 
imine hydrochloride The activities actually ol ved were 84 and 86-8°,, respectively 
In the case of 2-(3 : 4-dihydroxy/5-“C)phenyljethylamine, the evolved carbon dioxide is of 
fic activity, and the melanin formed, on nbustion, yields carbon dioxide of 


higher activity than that derived by burning the amine hydrochloride The 


latter fact is in keeping with linkage at the 7-position of the indole nucleus 
It would be interesting to repeat the above experiments on the formation of melanin 
from the labelled precursors in the presence of catalase and of hydrogen peroxide. However, 
hat the fission of the benzene ring, with evolution of carbon dioxide, should 
; a side-reaction, not an essential step in the primary formation of melanin 
gested by Bruce * and by Jolles.* 


EXPERIMENTA 


a 


ioactivity determinations were carried out as described by Swan,” and the oxidation 


; 
i 
t-dihydroxyphenyljethylamine to melanin as d bed by Clemo, Duxbury, and Swan.” 
Ethyl fa-"C), [8-"4Cl, and y-“C) A cetoacetate (] Me-“C)Acetic acid was prepared from 
MC |methyl iodide by the method of Cox, Turner, and Warne ” and [carboxy-“C]acetic acid by 


that of Lemmon.” Each was converted into ‘“Clacetyl chloride as described by Cox and 
Turner.™ 

pecimens of ethyl acetoacetate labelled in the « ind y position respecti ely were all 
prepared by condensation of acetyl chloride with fert.-butyl ethyl malonate (one or other being 
ippropriate ly labelled) as described for ethyl [@-™ etoacetate by Dauben and Bradlow.” 
small amounts of ethyl acetoacetate were present in th e distillate; these were recovered 


ishil it with sodium hydroxide solution, the ett t being used in a sub equent con 


} 
ition with nitromalondialdehyde. Considerable amount 20%) of acetylmalonic ester 
110--115°/14 mm.) remained after the distillation of the ethyl acetoacetate Che 
trophenylhydrazone of the former was obtained from ethanol as yellow needle m. p 
p 144 145°” (Found C, 47-4 : Af Cal for ( gghl gO 

N, 14-65% 
onvert acetylmalonic ester into Tv pie } the general 


d Lilienfeld, Eisner, Elvid und I },? n indstrém™ were 


Phi vas required for 


1039 

and Swan, / 1952, 3464 

: /., 1950, 3167 
Isotopic-Carbon by Cal 
1949, p. 178 
ner 1950, 3176 
bradlow, / imer. Chem 
ier 1, tid., 1945, 67, 1273 

Linstead, /., 1950, 2223 


and , 1951, §, & 


} 
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| potassium Cyanoas te, prepared from We id 
evaporated to ¢ ss and was refluxed for } with ethano 
10 ml.; d 1-84 y was then added, and th r was extracted 
5% 
converted butyl ethyl! I it » method of 
nd Hauser.” onversion oO | ethyl hydrogen x 
rried out in twe » the ay cl ical yield over the two stages w 
Ihe above diethy! malonate 752 luted with inactive mater! 


converted into ethyl hydrogen ‘a-“C\malonate as described by Breslow et al 


first run, the mother-liquors from which the monopotassium salt had crystallised 


e from the extraction of the half ester were taken to dryness rhe residue wa 
r 2 hr. with sulphuric acid (5 ml.; d 1-84), ethanol (10 ml,), and diethyl malor 
is added and the ester was extracted, distilled (10-1 g.), and again conve 


drogen {a-“C|malonate By this proce t greater radiochemical yield 


a Ii] Thi Via prepared by Hull | ne thyl acetoacet 
odium nitromalondialdehyde monohydrate (8-55 zg : were 
10% sodium hydroxide solution (21-5 ml.) and water ml he resulting 
at room temperature and then acidified, gi 1 acid (7-55 ¢ 
When only 1 mol. of nitromalondialdeh yde i the yield y 
ield of 5-nitrosalicyclic acid was obtained by f illowing the 
nd with sodium hydroxide solution (1 mol.) for £ ! re the acdk 
ildehyde This sugwe that hydrolysis occur fe idensation 
itvobenzoate 5-Nitrosalicyclic acid 1 ifficult to methylate (Sim 
refluxing 5-nitros: yclic acid with 6 mol f dimethyl sulphate 
10 hr, in the presence of excess of sodium hydrogen carbonate (cf, Clemo and 
methyl 5-nitrosalicylate and 12°, of dimethylated material 
te methylation was ettected by using diazomethane (0-625 
1 >-nitrosalicyclic ¢ gz.) in ether at for 2 da 
eon e tporation ga 
Ihe methyl ester (0-5 g 
i mi and the resulting 


Phi VAS prepared by the method of Grimme and 


hloride The acid (7-65 ¢ ‘ if ol \ tirred 
benzene (27 | After iF tion wa 
removed and the residue distilled hort-pi | 90 
In the i otopi ynthesis inactive 
is then 7-6 g. (cf, Grimme and Schmitz 
: yylmalonat \ Magne in ODS 
» 3 mi.), diethyl malonate (6-9 g.), and carbon tetrachloride (0-15 ml 


the 27 ml.) was added and the whole was refluxe I 


e acid chloride (7-6 g.) in benzene (28 ml.) wa ided dropwise 
ad, after being varmed for 2 hr. and then c« t! olution was treated 
[he mixture wa tirred for 5 min. and the ith chloroform (60 ml 
ome insoluble by-product, the chloroform arated and the aqueou 
vith more chloroform (50 ml rhe coml 
iporated, leaving a yellow gla 
3-5 2.) which was insoluble in water ar il form contained magnesium 
r 2 hr. with hydrochloric acid (2 50 mil i em lesium-free compou 
04 ethyl 3: 4-dihydro-6-nilro-4-oxocouma» t as filtered 
m chloroform a vhite 1 i] POS 


51-6 H, 3-25 


1950, 
ind Hauser 
1900, 24 1 
1917, 111, 220 

1044, 274 
/ 1051, 84 
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r phenone (VII) I y-5-nitrobenzoylmalonate \ 
ited with water (19-5 ml Iphuri l 7 l i 1-84), and acetic acid 
vhole refluxed for 3-—4 h1 | | ited soon after the addition 
ifter 3 hr. little solid was preset \ nl.) Ww then added and the 
wr a further 2 hr On cooling olu n deposited the ketone (2-9 g is 
99-100 lo the filtrate wa ldlex I i nd a further 0-2 g. of 
parated Small amount ld b yvvered by chloroform 
iother-hquor 


V1) (2-75 2.) was refluxed i li roxid olution (10 27 mil 


olving Acidification of the cool lu the evolution of carbon 


ipitation of the ketone (1-75 5 ysti ition from ethanol 


yure material (1 g m. p. 99-100 f the mother-liquor 


m, p. 99 Ihe combined | ‘ P represents 78°, yield 


of ethyl 2-acetoxy-5-nitrobe te mo dilute aceti 
cture of the chroman and ket 
5-nitroacetophenone (Mathie ( f was dissolved in 


| aluminium chloride (0 


2 chumacher ** Lhe 


| for 8 hr., and then t ( t f drops of hydrochlori 
layer was separated and th uw I ‘ vith benzene The 
re washed with dilute sodium | ) vhu was then acidified 
ith benzene | vaporatio! i vad lution yielded 
90 Kecrystallisation from aqueous ¢ | i jaterial m p 
1e addition of material obtained b II | 1dor method ™ 
mvert ethyl 2-methoxy-5-nitroben Imalon Mathieson and Newbery 
lroxy-5-nitroacetophenone by acid lrol ere unsuccesstul 
droxy-5-nitroacetophenone h I f 8 —99° (Allan and Loudon ™ 
singh *), and I11 Biz” ul Kkomanoftt * We found that 
b Allan and Loudon’s ) j be rystallised several time 
int of 98—9Y° was attained 
2-H ydroxy-5-nitroacetophenone ‘ li ) {-sodiun 
and hydrogen peroxide (1-07 mol in wv 25 ml.) was added 
nitrogen The mixture wa f ) and then N-sodium 
as added during 100 mu 1 after veginning of the reaction 
be precipitated, but the ition of extra alkali produced a very 
tion The reaction mixture | gl ind, after the addition of 
iring 30 min., hydrochloric ac led nchanged ketone (0-97 
ashed with water and the yn filts ere extracted with ethet 
Na,5O,) solution was « | nitrocatechol p. 168 
benzene—methanol gave \ eed I | 171 172 y treating 
vith hydrogen peroxide ; eld f 4-nitrocatechol (93%, 


Vill Crude 4-nitrocatechol! n \ treated with 

omethane (3-15 g.) in ether (210 ml then } ! ‘ re ie solution 

iporated [he residue was taken uy f m ind washed with 

lroxide solution The residu t Na,5O,) benzene wa 

ethanol, giving 4-nitroverat i 1. | f ind a further 0-3 g¢ 
ined from the mother-liqu 

1-Nitroveratrole (3 g.) in m j iydrogenated at 50°/55 

ce of Raney nickel for 2 hi 1@ Cat ered off the methanol 

tream of nitrogen The resid . t b. | n giving the 
e solid, » 88° (2-15 @., 86% 

le (IX 4-Aminovet le 1 in mixture of 

d 1-18) and water m ( ( t i with sodium 

The solution t! ‘ m-red by additior 


J., 1949, 1133 

innalen, 1906, 944, 
1044, 821 

(nem 


or 
j. pra 


A Study of Melanin Formation, et 


ine sodium acetate (1:3 zg \ 10°, solution of formaldoxin iS prepared ac I 
directions ” and to this was added a solution of coy ulphate (0-4 g odium 
iphite 006 @ anhyd.), and crystalline sodium acetate ‘ in water 12 ml 1 he 
Olution was introduced below the surface of the red formaldoxime solution at 
20 min Ihe mixture was stirred at 10° for 1 hr. after which hydrochloric acid 
til the mixture vas acid to Conygo-red kerric alum (17-5 ¢ vas added and the 
hy After cooling, the mixture was extracted wit! the extract was w 
odium hydrogen carbonate solution, dried (Na,5S , and evaporated 
distilled, giving the aldehyde (1-2 g., 50%), b. p. 140 bath) /2 mm 
2-p-Methoayphenylazo-2-nitroethanaldoxime / neutral solution of p-methoxybenzen 
diazonium chloride (from p-anisidine, 3-1 g., 1 mol.) was run with stirring during 15 min 
into a solution of methazonic acid (3-8 g., 1-5 mols.), copper sulp! : 25 g.), sodium sulphite 
0-1 inhyd and hydrated sodium acetate (20 ¢ i ater I ke at 15 A brown 
é is produced, and after being kept overnight th Ktu is acidifed and filtered 
material (7-6 g.) was only partially soluble i e ether-insoluble material 
copper but thi Va decom posed by shaking it with } nd dilute hydrochlori 
ig material identical with that obtained from the initial ract [his azo-compound 
tallised from ethanol as dark red prisms, m. p. 163 nad : H, 4:3; N, 23-4 
, requires C, 45:4; H, 4-2; N, 23-5%) 
malondialdehyde 4 solution of sodium cyanomal ildehyde was prepared by 
Jacobs's method,*”” A mixture of cyanoacetaldehyde diethyl acetal (0-6 g ethyl 
0-42 g.), and ether (2-5 ml.) was added to powdered sodium (0-1 g After 12 hi 
perature the sodium salt was extracted with water (1 ml ind the solution was ma 
vith dilute nitric acid A concentrated aqueous solution of silver nitrate 
led and the silver si as quickly filtered and washed with a little water Phe dry salt 
uspended in ether, and dry hydrogen chloride was bubbled through it for 6 hr, Lhe 
chloride was removed and the ether distilled, leaving the aldehyde (0-2 g This material 
with aniline, an immediate precipitate, which when crystallised from ethanol had n 
Uhle and Jacobs * give 132 
ivboxy-N-3'-cyanopropylbenzamide When Y phthalimidobut yronitrile was set 
odium hydroxide it was converted into the amide, w! eparated from wat 
stals, m. p. 114° (Found C, 62-0; H, 5-5; N, 11-95. C,gH,,O,N, require: 


» N, 12-05%) This compound wi the major product obtained « the 


er as 


formylation of y-phthalimidobutyronitrile, h ) nee of sodium ethoxide i 
Attempts to bring about a condensation with hyl formate under alcohol-free 
ms were also futile 

7-Dimethoxyisoquinoline (X11) This was prepared from 2-(3 : 4-dimethoxyphenyl 
essentially as described by Spath and Polgar™ except that the dehydrogenation 
out as follows: 3: 4-Dihydro-6 : 7-dimethoxyisoquinoline (0-36 g.) and palladium 
were heated together in a bulb distillation apparatus at 180°/11 mm After 30 

we palladium (0-06 g.) was added and heating was continued for a further 30 min lhe 


line was then distilled from the pall idium as an almost colourle liquid 0-33 g., b p 


ju 
140 -150° (bath) /0-1 mm rhe product, in benzene, was boiled with chare oal and the re 


from the filtered and evaporated solution was converted into the hydrochloride by the addition 


f concentrated hydrochloric acid Che crude, dry product w ‘ wolved in a little ethanol 
the hydrochloride (0-3 g m. p. 220°) separated on the addition of warm acetone 


regenerated base separated from benzene—light petroleum ) 80°) as needles (0 


{eid {XIII]) 6: 7-Dimethoxyisoquinoline 72 mg is heated for 
ochloric acid (2 ml 7 1-18) at 160 [The whole 1 iken to dryness, nitri 
d 1-42) added, and the mixture was then heated on th ium-bath for 12 hr 
evaporated and the crude cinchomeronic acid wi ystallised from 0-5N 
yield ; 134 mg., 88%; m. p. 267 
t-/:thyl Hydrogen Cinchomeronate (X1\ This was prepa from the acid in 75° 
smethod.” A neutral solution of the ammoniur ilt w prepared by 
r (O-l g.) with ammonia (1 mol.) in wa 2 mi ind ver salt (0-14 
vidition of a concentrated solut« 


Z(XVI he * ‘ a i bulb distillation 
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Decomposition occurred at about 180° and then the bath tem 
distillate (XV) was refluxed with N-sodium 


neutralised with acetic acid. A 


at atmospheric pressure. 
perature was gradually raised to 300°, The 
hydroxide (1 ml.) for 30 min. and the solution was exactly 
concentrated solution of copper acetate (560 mg.) was added and after a few minutes the copper 
salt was filtered off, washed with water, and decomposed with hydrogen sulphide, the copper 
sulphide removed, and the filtrate evaporated, giving the acid (14 mg.), m. p. 310°. 
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311. The Lowest Singlet Excited Levels of Naphthalene. Part I. 


A Semi-empirical Calculation.* 
By R. LeFrespvre and C. Moser 


ASMO~-ClI (Antisymmetrical molecular orbital configurational interaction) 
calculations have been carried out on naphthalene, with the approximations 
iggested by Pariser and Parr for evaluating the 
lowest configurations in each of the symmetry classes 'B,,, and 'B,, have been 
used, which make it possible, when using cyclic orbitals, to establish a rela 
tion with the functions built to resemble those of benzene Che lowest trans 
ition is found to be polarized along the long axis of the molecule (',,,), and 
the second along the short axis ('B,, The comparison of calculated f 


values with the observed intensities is no 
difficulties in the interpretation of the spectra are discussed 


molecular integrals. Thetwo 


t entirely satisfactory, and some 


PARISER and PARR ! proposed a semi-empirical approximation by which the lowest excited 


vels of conjugated systems can be calculated with relative ease. Essentially three modi 


ications are introduced into the non-empirical configuration interaction method of Coulson, 
Craig, and Jacobs ? and others, which is derived from the classical treatment of benzene by 


Goeppert-Mayer and Sklar:* (1) the two-electron molecular integrals are approximated by 
linear combinations of only coulomb-type atomic integrals; (2) the values of these atomic 
integrals are changed from their analytically calculated values to empirical values; and 
(3) the monoelectronic core integrals between adjacent centres are also given empirical 
value 

Applied to trans-butadiene,* the procedure predicted with rather good accuracy the 
order, separations, and intensities ot the NV transitions. On the contrary, the results 
obtained by the non-empirical scheme are not so satisfactory.® 
An investigation of naphthalene is a natural step towards the stud 
of chemical and biological interest. In addition, there will be the opportunity to study 
the method of calculation for a molecule where the mechanism of electronic excitation is 
certainly not as simple as in a linear or a pseudo-linear tem. In this paper this semi 
empirical procedure will be used to investigate the lowest singlet-singlet transitions of 
napthalene. A later paper will be concerned with some restrictions that can be made on 
the present calculation to parallel treatments of the same problem recently proposed by 
Dewar and Longuet-Higgins ® and by Moffitt.’ 


Moser at efe e, |. Chem. Phys., 1966, 28, 698 
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rand Parr, /. Chem. Phys., 1953, 21, 466, 767 
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lation has been restricted to the two symmetry classes \ 1 correspond to 
: transitions from the ground state, and to the two lowest configurations 


This choice has been made because : (1) There are reasons to believe 


singlet transitions of naphthalene are allowed even though the chara 


sometimes given rise to the interpretation of a forbidden transition.*® 


iggested that the weakne of the transit suld be accounted for by a 


e between naphthalene and a cyclic molecule 2) The restriction to the lowest 
ms of each of these symmetry classe al particularly easy to put the 
resemblance, since the use of cy nolecular orbitals makes it possible 
nfigurations functions which would be ci enient for the truly cyclu 
particular significance to be attached to this configurational 
orbitals, it would be also necessary to consider that same 
ing other molecular orbitals not greatly different from thes 
hat with this limited choice of configurat the qualitative nat 

insitions would characterized [Three parallel calculations have been 

h three different of orbital ) th orbitals (cf. Coulson ? 

of these orbitals): (b) the cyclic real orbitals, 1. orbitals which re 
ial LCAO-MO (linear combination of atomic orbita nolecular-orbital 

| (cf. Lefebvre ® for the form of th 

the orbitals found from an investigation he ground state by the SCI 
nt field) method." [hese orbitals are those which are pertinent to the pro 


d for the evaluation of the molecular integral These have been chose 


j 


to the molec ule without its cross bon 


orbitals which are specific for the excited tes are unknown; (i) the cycle 


lave a particular meaning in relation with the udo-cyclic ’’ character of 


(iii) the Hiickel and the cyclic orbitals will be useful when comparing the r 
e obtained in some recent investigation 
vill be a brief description of the calculations and in the Discussion section 
© compared with the experimental observations on the ultraviolet spectrum 
ind the wave ictions and levels proposed by Dewar and Longuet-H 
r this moleculi 


ocedure for i¢ use of Pariser 


action method, and so only a 


ry 
| hie 


. ae 
the calculation 


2pr atom rpitals, 1 im penden I lar rbitals can be obtains 
bonding, d b, itibonding ym re Its of the simple LCAO MO 


V6 


ifer that the two lowest singlet configurations he class By, result from the 
5 & 6 and 4 ind the two lows ing! onfigurations of the cla 
iwoexcitation 7 —~ 6 nct belonging to B,,, transform 


j 
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longin 
La 


t mentione formula are 
tal Hamiltonian in the 


form used | 


pert-Mayer and Sklar, the corresponding 


he Hamiltonian of 


n t i ier v-electron 
can then be red 1 te f t 


i f two 80 of molecular 
ctron core integral 


[4.* Hebld+ (with t 


pulsion integral 


mb and exchange molecular integral 
x elements there is the formula 

J va" ne Hly Id ny (6) 
he atomic integrals are those used h ilation of the SCF MO 
lecular integrals are collected in lable 


intensities (for which the calculated tra 
the 


I have been used and the 
configurations in the wave-functior ire col 
iltiplies 


ilated excitation energie 


LO ! y pe is the 
Wy! in a given wave-f j 
‘ 


f this calculation folk il ivel y [he order 
rurational interaction vat from o 


rit 


in I ind I i expected 
imple LCAO-MO method ce 


‘ 


Icke! rbital ised The 
irations of the same symmet! | i derable 


and has 
considerably the intensit f 


] ‘ | ‘ i it \s far as the 
1ed, the final order i é sam | thre Iculatior 


accepted that there are in the 
16 (1) 3-97 ev (f 0-002), (2) 4 


iolet spectrum three singlet 
an 0-18), and (3) 5-6 ev (f 1-70 
ve received various assignment entioned above, the first band 


us repre but there } 


enting an allowed trar rreement as to 
mn is polarized along the | ) long axis of the 
xperimental work !* indicat the transit polarized along the 
lecule, and the second (al 0 allo ilong the 

int of view of symmett 
1 McClure 


assignme! present results are in satisfactory 


recent assignments.!* transition 1 Ay » bo, 
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The relative separations of levels is reasonably reproduced: 0-31 ev (Hiickel), 0-36 ev 
(cyclic), 0-30 ev (SCF) compared with the 0-31 ev observed experimentally. Further, in 
all cases the first transition is very weak [respectively f 0-02 (Hiickel), 0-02 (cyclic), 
0-13 (SCF) compared with the experimental value 0-002). Keeping in mind the difficulty 
of obtaining precise f values, one should not expect better agreement from an approximate 
calculation. 

From the point of view of relative intensities, the results are not as satisfactory, as 
the hundred-fold difference in observed f values between the first and the second band is 
not reproduced. In two of the three calculations (cyclic and SCF orbitals), the relative 
order is even reversed. In general, the intensities are more sensitive than the energies to 
the form of the wave-functions. But in view of the fact that in the present calculation 
the intensities of the two lowest transitions are in all cases very weak, regardless of the set 
of orbitals used, and that the two lowest levels are not widely separated, it might be possible 
that, if the calculation were improved, the order of the levels would be By, and then By,,, 
again with very weak transition moments 

In other words, if we forget for a moment about the recent experimental symmetry 
assignment mentioned above, the calculations do not characterize satisfactorily the in 
tensities and it is not possible to differentiate the two transitions, in contrast to the experi 
mental spectrum 

Chis point will be discussed further, in relation with the semi-empirical procedures 
proposed by Dewar and Longuet-Higgins * and Moffitt.’ 

The Dewar and Longuet-Higgins Procedure.The strict degeneracy which exists in the 
imple LCAO-MO theory between 'F,%7 and '£,*® causes an equal mixing of ',°? 
and 4,4° The two other functions 4,°° and ‘y,*? are assumed not to mix. From 
the sign of the off-diagonal matrix element 


[er Hly,** de 


it results that the function 
a iy ® 7 ly ® ; (8) 


is the lower rhis produces zero transition moment. In this method the two lowest 
transitions (the other one being the monoexcitation 5 —» 6) are well differentiated by 
their intensiti The exact order of levels is not calculated but one makes a one-to-one 
correspondence with the experimental transitions, taking advantage of the fact that they 
are also well characterized by their transition moment 
As mentioned above, when the calculations are made with the Hiickel orbitals, an order 
vels that follows that of the simple theory is obtained before configuration interaction 
? and 1E,*® are close together. In consequence there is a nearly equal mixing of 
the functions 'p,%7 and ',%* and, as a result, there is nearly a vanishing transition 
moment, which is characteristic of Dewar and Longuet-Higgins’s procedure, However 
here it is found that the mixing of 4y,°° and 'y,* 7 is considerably more than that as 
umed in the above procedure. A large decrease in the f value follows (0-05 instead of 
0-66 for the pure 5 — 6 excitation). This is due, in part, to the fact that the levels are 
rather close to each other 
In the other cases (cyclic and SCF orbitals), the mixing is important in both classe 
and in one instance (SCF orbitals) is even more important for the By, class than for the 
B,, class. Obviously, in the a priori calculation presented here, there is no clear-cut 
distinction between the two classes, in contrast to the Dewar and Longuet-Higgins scheme. 
rhe effect of mixing of the two configurations in each of the two symmetry classes for 
both Hiickel and cyclic orbitals is presented in Fig and 2. An arbitrary excitation 
energy of 30-000 cm.~! has been used in the calculation of ‘se graphs. Two points may be 
specifically mentioned : (1) Even a small amount of mixing for the class +B, has the effect 
of reducing considerably the intensity calculated from a single configuration. (2) Accident 
ally, one might calculate zero intensity for either class or perhaps even for both classes 
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Procedure lhe cyclic real orbitals used ; deduced, 


conditions, from the cyclic complex orbita 


y 4 ikl 10 va | 


fy thi mmetry requiremer for naphthalene, and al correspot! 


let functions of the trul yche molecule Ph ime as that u 


biG 


allowance 


the final function 


with the wave-function yclic orbitals, is po 
following identiti 


bital - 
‘ys, 6 


y,® q (I ‘2 >, 


between compl 


t excited wave-function, that is, @y 
I to the inction Wy? 
to the wave-function 
0-636 i 6 0-772 Wh, 7 
iot depart notably from equal mixing From the identitic 
which exists in Table 2, between the singlet monoexcited wave-functio 


yclic orbitals, has as a counterpart a small mixing of the functions built t 
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a truly cyclic molecul | t calculation agrees qualitatively 
in the sense that in both ca ( ISIS 15] on the functions (9) rather 
However it must be m f i he mixing between @y and @ x 

in Moffitt’s procedur tha uti from the data of Table 2 
tance is worth mentioning: 1 piri procedures (Dewar and 
ind Moffitt’s) the low ley lescribed by an equal mixing of ",%? 


the orbitals are not bject of detailed 
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312. Nucleophilic Displace ment Reactions in Aromatic Syste ms. Part 
V .* Kinetics of the Reactions of some ¢ hloroazanaphthale nes and 
Re lated Compounds with Ethoxid lon and with Pipe ridine. 
By HAPS N al Ix l I HILL! 


id entropie of activati 
iperidine with a series of 
and di azanaphthalens 
with 5-chloroacridine i I i! ) ze! h » been 
Che result provide ‘ I | * abou th alicity 
quantum-mechanical t f i phily ibsti 
Longuet-Higgins.'! t i wh e theory 
correct result l i i n uantitative 
t restricted range of 
no evidence at present of cine 
mechanism in these reactio 
18S Of reactions 15 } 
ns of reactivity caused by 
pyridine in various possible 
issed, ¢ pec ially with re pect to 


iphthalene and similar compound 


tudies in this field have been cor 1 t Or ind We now 
compounds, with the special object ling quantitative experimental 
ymparison with a simplified quantu echani )] of nucleophilic 
ubstitution due to Longuet-Hi i! | 1CO! Ithough apparently 


ly when applied to t I abenzene derivative 


much more success i f | to reac 


ne derivati 
chloro-mono an | 
, cinnoline, phthalazin 
monocyclic compound 
for comparison. Pre 
losely related reaction 


Way, and Amstutz 
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EXPERIMENTAI 


Unless otherwise stated light petroleum (b. p, 40--60°) which had been dried over sodium 


is used for crystallisation. 

Materials.—-Chlovo-compounds 2-Chloroquinoline (from British Drug Houses Ltd.) was 
recrystallised and had m, p. 37—-38°. 4-Chloroquinoline was prepared by the method of Riegel 
ind his co-workers,’ and after recrystallisation had m. p. 30 1-Chloroisoquinoline was 
prepared by Fisher and Hamer’s method® and freed from 1: 4-dichloroisoquinoline by 
dissolution in hydrochloric acid, removal of the undissolved dichloro-compound, and recovery 
of the l-chloroisoquinoline as usual, After recrystallisation it had m. p. 36-—37°. 3-Chloro 
isoquinoline, m. p. 46—-48° after recrystallisation, was prepared by reduction of 1 : 3-dichloro 
isoquinoline,’ itself prepared by Gabriel's method ® starting from homophthalimide.* 5-Chloro 
ucridine was prepared by the method given by Albert ” and purified by recrystallisation from 
lightly ammoniacal ethanol, and had m. p. 119-5-——-120-5 4-Chloroquinazoline, m. p. 98 


100 yas prepared by Chapman, Gibson and Mann’s method," and 2-chloroquinazoline by 
pre} J , 


Gabriel's method to m, p, 107-6-—108 4-Chlorocinnoline, m. p. 75—~76° after crystallisat 


1onk 
om light petroleum (b. p, 80--100°), was prepared by Leonard and Boyd’s method," and 
1-chlorophthalazine by Gabriel's method “; this had m. p. 113° after crystallisation from dry 
ether 2-Chloroquinoxaline (from Merck and Co,, Inc.) was recrystallised and had m. p. 46-£ 
2-Chloropyridine (from L. Light & Co.) was purified from neutral impurities as usual 
nated, a fraction of b. p. 168-—-170°/760 mm., n™ 1-5300, being collected; Rogers 
Campbell ™ give n#® 15304, 4-Chloropyridine, which was stored at 78°, was prepared by 
Vibaut and Broeckman’s method ¥ by use of 4-hydroxypyridine ” and had n?? 1-5313; Leis and 
n™ give n® 1-6315, 2-Chloropyrimidine and o-chloronitrobenzene were prepared as 
ibed in Parts III "and LV “respectively. 2-Chloronaphthalene prepared by a Sandmeyer 
from 2-naphthylamine was recrystallised from aqueous ethanol and had m. p, 57 
ines, sodium ethoxide, and solvent. Piperidine and morpholine were purified as described 
[1J..° Sodium ethoxide solutions were prepared by dissolving clean sodium in 99-8‘ 
prepared as described in Part I, and standardised acidimetrically The carbonate 
as also determined and this was usually negligible 99-3°% kthanol was used a 
throughout this investigation, unless otherwise stated (p. 1566 
Reaction Products hese were isolated where necessary from solutions used in kineti 
x<periments or prepared independently under conditions very similar to those used in kineti 
periment elected known reaction products were characterised by their m, p.s Most 
of the reactions studied had been shown by previous investigators to yield the expected 
products, é.g., with hot ethanolic sodium ethoxide 2-chloroquinoline yields 2-ethoxyquinoline,™ 
and 1-chlorophthalazine yields l-ethoxyphthalazine,™ 4-Chloroquinoline with hot methanolic 
lium methoxide yields 4-methoxyquinoline,™ and it is safe to assume a similar reaction with 


dium ethoxide 
Proceduy For reactions with amines in the range 20-—-40° this was as described in Part III,’ 
save that for the reactions of 4-chloroquinazoline the procedure of Part 1 was adopted. The 
essential feature was a Volhard determination of chloride ion lor reactions with amines in the 
range 50--160°, and for all ethoxide reactions, the method of sealed bulbs was used All 
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experiments were carried out in duplicate and independently determined mean values of & 
rarely fered by more than 1% In certain « the rate coefficients thus obtained were 
checked by d termination of the consumption of « cide ion, Dy pouring reaction mixtures into 


f 


an ex ; of standard hydrochloric acid and back-titration th standard sodium hydroxide 


ne of the reactions ij ire gi Table 1] and all the results are 
mmari 1 on ible 2 I-vidence of order of rea n ded the reaction of 2-chloro 
quinoline wi rv is, and the internal consistency of t é efficients together with 


PABLI 
Reactions of ; 
hloroisoquinoline at 110-0 é 32 / 0O-1037Mm 
1-00 2-25 4-00 } 20 16-00 20-00 
20-8 33-0 ; ? 64-9 } BOS 
8-50 8-48 ) 8-48 y id | 
Mean k a 


2-Chloroqguinazoline at 20-0 
30-0 55-0 80-0 L110 
15-0 24-7 33°3 i! 

4-86 4°79 4-RS 

Mean k 


Reactions of ethoxid 
2-Chloroguinoline at 80-0 
Dime i 80-0 
Le pn 3° 2¢ 30-1 
104) 4-92 4-04 
Mean A 4-92 0-03 lo Order with re 
line 0-97 (by differential method) 
4-56 0-03 & lo”, determined by et x! nsumed 02260, b, O-1041Mm 


4-Chlovoquinoline at 80-0 é 25 50M 0-102Im 
Time in 30-0 60-0 4 
Decomp 10-4 19-6 
10*k 2-60 2-66 


Mean hk 


roisoquin line at 130-0 
1&0 21-25 30-0 
23-5 26-8 ‘ 
4-74 
Mean & 
1-ChAl phthalaz ime at 30-0 
1-0 S) 11-0 
3-0 23°6 30-6 
4-0) 4°75 4-78 
Mean & 
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rate coethicient, &, is given by 


2-303 lo 


Chapman and Ru sell-Hill \ 


Nucl ophailr 


14-6 
yi) 


26-6 


hloride determu ons at 
values of 99-7-—100-1 ution, thu 
dicating the absence of si 
the reactions « 4-chloroquins 


infinite 


ine witi 
Analog 
160 


tna 


sat 40 


itions in thi eri 
tudied, since they show 
of such a mechan! 


table intermed 

rae us type of structure 

nature ot! 1 transition tate a recent! 
Furthermore have no evidence { 
intervent th 


l tution 
addition 1 ( il I 


eliminatior 
»-workers,*® 
a 


n brought to 
neno;¢ne a7 hie 


covered by ]. D 
Koberts and ( an exampl wh n the heterocyclu 
" light in the reactior d 
ist two phenomena are most to be observed in the least 

reactiol 1, 6, and 7 able < We ha | 
from the reaction of 2-chlorona 

the 3-ethox' 


olated 2-eth« 


! 
recently 


ipbstitution 


{ 3-bromopyridine wit] 


ve 


blacement Reactions in ystems. Part | 1567 


entally in due 
re both to be 
ven high-temperature 


ronaphthalen We hope 
ubstitution and the eliminatior 
reactions 3, 4, 9, 13, and 14 o1 
halogenoquinolines by piperidin 
it it 1s clearly justifiable to di rd tl 
ted in Table 4. We have wn previously !* that ion exchange 
tween piperidine and ethanol is unlikely to bi in cl of reactior 
We interpret the results displayed in Fig widit 
of acid catalysis of nucleophilic dis} 
Be) It is noteworthy that the reactior 
lilute solution shows rising rate coefficient 
lig. 1, but steady coefficients in solvolysi 


not to involve cine 


eactions ol pipe ridine 


evidence 

Nh vel ystems 
hloroquinoline with piperidine in 
on proceeds, as will be clear from 


2-chloroquinoline 


1, Reaction of 4-chloroquinoline 

th piperidine (0-4M) at 90 

-chlovoquinoiitne (O-lm 
im) af OO 


7/me (hours) 


econd-order kinetics in dilute 
isic strength between 2- and 4-chlor mirmed by I 
i ek j lo”?! 


pectroscopic measurements 


found that ‘ 2-chloroquinolin ved Ls if nt could 
“8 ‘This is to be understood t { ri er I effect 
ore base-weakenin In the sition, oltset 
hening mesomeric efiect Howe ea t more weakly basi 
:., morpholine (pA, 5°6 0 be able to 
as indicated | implied in 
ituation as to basic stre! is almost 


or 2- and 4-chloropyridi: 
dine but not with morpholine 


Ou 
mW 


hows ri 


with piperidine Ihe suggestion of brow ’ that the predominating 
the polymerisation of 4-chloropyrid 1] inlike in view of the 
hilic powers "’ of piperidine and 


bale J]. Amer. Chen 


1568 Chapman and Russell-Hill: Nucleophilic 


in Fig. 2, but the reactions here are further complicated by a significant 
ethanolysis of 4-chloroquinazoline. The formation of acid in the reaction of pyridine with 
t-chloroquinazoline is ascribed, as in a similar case in Part III,” to solvolysis of a first 
formed quaternary salt, with liberation of protons. Brower et al.,” however, obtained 
atisfactory second-order coefficients for the reaction of 4-chloroquinazoline with piperidine 
it low temperature: In toluene solution, in which piperidine hydrochloride is very 


TABLE 3.* Reactions of ethoxide ion 


1-Chloro-mono- and -di azanaphthalene 
20-0", 20-0", 
pound 10% 7+1log,k &£E AH? AS AU — AU® 
(cal. mole) mole! deg 
maphtl ilene * 0) 
quinoline P 0-065 0-81 20,400 19,700 128/33 
rotsoquinoline 0-069 084 22,500 21,800 d 123/33 
ophthalazine 86 4°27 16,500 15,900 208/33 
ocinnoline 4-68 15,800 15,200 : 206/33 


Chloro-mono- and -di azanaphthalene 
20-0", 

17 + lof, hk 
onaphthalene { ’ 0-96 39,000 § 38.000 & 
tsoquinoling 2 » 6-07 32,400 31,600 
quinoline yt 10-80 23,100 22,400 
quinazoline : x lo 14:47 16,800 16,200 
juinoxaline 4-2 lo 14-02 15,400 14,800 


»mono- and -di-azabenzene 
20-0 
¥ LOB i» 
0°34 26,800 
1-04 20,900 
6-21 16,900 


Miscellaneous 


acridine 2-7 17.600 17.000 
nitrober ne yd, 23 700 29 OOO 


calculated from Arrhenius parameters given to 2 signi 


of and AH? are usually accurate to 800 cal 
‘ MM 
inary experiments indicated irregular } 


to LO0O0 cal 


4.* Reactions of piperidine 


»-mono- and -di-azanaphthalene 
20-0", 
7+ 1log,,4 &E AH? 
(cal, mole™ 
line y 4 O40 14,500 13.800 
lazine 2-31 11,800 11,100 
juinazoline : 749 7,000 6,600 


»-mono- and -di-azanaphthalene 
bine O-1s 15,600 14.900 
noxaline , & 9.79 11.300 10.800 
inazoline 4-68 11,100 10.500 


(hloroazabenzenes 
pyridine 4-8 lire 2-35 19.900 19.100 35-8 
ropyrimidine § 3°34 lo 3b: 12,400 11,800 34°3 
r pyrimidine 4 1-5 «x lo 10,500 4 9OU 35-7 


. i 


Values calculated from Arrhenius parameters given to 2 significant figures 
4 u ‘ 
es ol / \}1*, and AS* are usually within the limits indicated in Table 3 
1. 44 kef 19 


1956) Displacement Reactions in Aromatic Systems. Part V 

insoluble, 5-chloroacridine shows regular kinetics in reaction with piperidine,” but rising 
coefficients when the reaction is conducted in ethanol in which the acidic piperidinium 
chloride is soluble. 

In Tables 3 and 4 are assembled results whereby the theoretical treatment of reactions 
of this type by Longuet-Higgins ! may be tested quantitatively. In this treatment, which 
is based on the molecular-orbital method, it is assumed that the structure of the transition 
state is of the type shown in formula (1), #.¢., the localisation approximation for the study 
of chemical reactivity is adopted, and the carbon atom at the seat of substitution is 
assumed to be sp* hybridised. Changes in skeletal energy and in energy of interaction of 
the chlorine atom with the ring on formation of the transition state are neglected, so that 
only changes in unsaturation energy are to be determined. We consider the reactions with 
a given reagent under fixed conditions of a parent chlorohydrocarbon (iso-conjugate hydro- 
carbon), which is referred to by superscript zero, and of a chloroazahydrocarbon, and 
determine the difference in unsaturation energy of the initial and the transition state in 
each case his gives the difference in potential energy of activation, t.¢., heat of activation 
referring to the absolute zero and the gas phase, for the two reactions, (AU AU®) 

It has been shown by Longuet-Higgins ! that if £, and £°, represent the unsaturation 
energ! of an azahydrocarbon and the iso-electronic hydrocarbon respectively, then 
E, | ag > r, 7°, where q®, is the x-electronic charge at position r in the hydrocarbon and 

’ 
“, is the coulomb term at position ¢ in the azaliydrocarbon. Applying this result 
differentially to the initial and transition state nm ‘signating the latter by primes, we 
obtain 


AU — AU® = (E,’ — E,) — (E°, da(g — ¢° 


Now the initial states are even-alternant hyd: r or their aza-derivatives and thi 

transition states are odd-alternant carbanions herefore q°, is unity at every position 

and q®,’ l c,*, where c, is a non-bonding molecular-orbital coefficient (Longuet 
qr , r & 


Higgins } Hence AU — AU® da0,'. Rules for the calculation of c, have been given 
r 


by Longuet-Higgins (loc. cit.). We regard «, as an energy parameter for position r of the 
heteromolecule, taking the value 8 at the position of aza-substitution and 8/3 at 
neighbouring positions (auxiliary inductive parameter The calculated charge-density 
distribution for substitution at the «- and the @-position in naphthalene is shown in (II) 
and (III) respectively. On this basis the values of (A/ \U/°) shown in Tables 3 and 4 
are readily calculated, ¢.g., for reactions of 4-chloroquinoline (AU — AU®) == (4/11)8 
(0)8/3 +- (0)8/3 128/33 


Cl (itty 


It is usually assumed that for a series of reaction ich as those listed in Tables 3 and 4, 
vhich are very similar in character, solvation fa: more or less constant through 
out the series. In the absence of experimental evidence on this point, we shall make the 
ume assumption. Then, provided that each seri ‘f reactions is characterised by an 
entropy of activation constant throughout the series (cf. Hammett ™), it is legitimate to 
identify the potential-energy magnitudes (AU \//°) with differences in the heats of 
activation, AH*. Constancy of entropy of activation is a prime assumption of the 
theoretical treatment, the validity of which may be judg from the values of AS* in 
fables 3 and 4. It is clear that the reactions of piperidine show comparatively small 

it is regrettable that a wider | of reactions could not be studied 
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[he rate of the hydrolysis has been measured cryoscopically in aqueous and in 100 
sulphuric acid, and in dilute oleum. Expts. 1—3 (Table 1) show that the first-order rate 
constant is almost independent of the initial concentration of the ester, and therefore of the 
bisulphate ion, since methyl benzoate ionises as a strong base ir sulphuric acid, according 
to equation (1): * 


Ph°CO,Me + H,5O, = Ph'CO,MeH* + HSO, (1) 


rhese results therefore eliminate the possibility of a rate-determining attack by the 
bisulphate ion. (A large increase in the concentration of ester reduces the rate, presumably 
through its effect on the medium. Thus the rate constant at 20°, calculated from these 
results, is 15°% higher than that found by Graham and Hughes,* who used a concentration 
of ester approximately five times greater than that in the present work.) The rates are 
imilar in 100%, and in aqueous sulphuric acid ; the rate is actually greater in oleum (Expts. 2 
4, and 6), emphatically confirming that water is not involved in the rate-determining step 

rhe present work thus supports the conclusion thé ie hydrolysis of methyl benzoate 
n sulphuric acid is unimolecular. 

(2) Polar Effects on Ester Hydrolysis in Sulphur 1 rhe effect of polar substituent 
on the rate of hydrolysis of esters has been predicted by Day and Ingo For acid 
catalysed unimolecular hydrolysis it is necessary to estima 1e t both on the position 


of the equlibium R’°CO,R 4+ HA == R°CO,RH nd he heterolysis of the 


conjugate acid of the este For most esters i | cid, however, thi equilibrium 


lies far to the right-hand side,™ and so the influence « ubstitution must be confined to the 


heterolysis stage. For this reason, in sulphuric acid and all media of similar or greater 
acidity, substitutive effects should differ considera from those predicted by Day and 
Ingold both for acyl-oxygen fission (the A,ol mechanism) and for alkyl-oxygen fission 
(the A | mechanism) 


_— . 
(Aye 1) R—G- (A, 


CotHR 


nating substituents in R’ should aid, a 
effects on A,yl heterolysis Klectror 
din R aid, A,ol heterolysis but again hav: 
luence on the rate ol hydroly is of met! 
known. Graham and Hughes? fo 
to be four times that of methyl] benzoate, a oncluded that the mechanism | 
rhis conclusion follows equally from Day ol liscussion of substitutive 
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lrolysis in sulphuric acid, as well as providing eviden r the mechanism of 
of methyl benzoate 
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mination of Kteaction Kate from lh vee ing-f int Measurement (ryosx ypic determiunat 
1 rates in sulphuric acid depends upon the fact that the freezing point of a sulphuri 
i varies in an almost linear way with the number of solute particles in the soluti 
é d is widely applicable to the study of reactions in huric acid," and will be 
f reference to the hydrolysis of methyl benzoate I} ate constants in Table | 
ed by plotting the logarithm of (1, 1,) against time ere i,, is the 1-factor corre 
1 iplete reaction and 1, the 1-factor after the solution has been at the reaction 
f for a time t Fig. 2 is a typical plot It is seen | feré to equati 1) and 
at the course of the reaction the conjugate acid of the este laced by that of benzox 
rOce w bine h should not lead to apprec iable change of freez int at the same timea 
ft the electrolyte methyl hydrogen sulphate 1s proc f I} from the beginning 
f the hydrolysis the 1-factor should increase by 1-0 0-1, the uncertainty ari 
fact t the number of particles per solute molecule n ifter fr the factor by 
10) In the present work the value of chosen 1 e the be first-order plot 
from 1-01 to 1-08 above that of the initial i-factor Phe experi t value of 
ter approximately ten times the half-life of the react iried from 1-02 to 1-09 
itial 1-factor The fact that the optimum value ur e both to tl 
ental values and to those predicted from the stoicheiomet reaction shows that 
table reactions the method 1s sound Ina typical cas IL xpt. 4) the use ofa ilue I 
wove the optimum led to a rate constant only 1-3% lower than that recorded I he thor 
le 1 operate, avoid analytical diflicultse ind require mall concentratior 
There re a number of limitation The reacti t be egligibly slow in t 
i e region in which the freezing-point measurements are made (5-10 ind 1 
{ epi diucts é.f f | yl esters cannot be st ed in tl way since the 1 
" ite formed undergoes further slow reactions.” Iti f irse necessary t t the 
mpanied by a change in the number of solute part when the sol l 
t we must be in the number of lute m al the iber of tons n t 
t t because |} eum only non-electrolytes produce irly | ir depression of 
point, We have already seen that hydr l i I 1 equator 3 atishie 
t « lit and should therefore expect to observe first inetics in the hydrol\ 
| y te in oleum when studied by the cryoscopic method that this 1s in fact fou 
rtihe erin ition of equation 3 
e cl pl technique and the method of « p | tor have bee previou | 
“ ‘ After the initial freezi point determination tf ylution is heated rapidly t 
tion temperature by placing the cryoscope ina iter-bath at 10° above this temperature 
is then transferred to a thermostat After the red interval of time the 
lly chilled and the freezing point re-detet ( kor the runs at 65°, the 
ete! is replaced by a ground-glass stopper between measurement the thermometer 
irk with filter-paper, ind stored over anhydrous magnesium pet orate 
nation of Benzote Acid im Sulphuric Acid 40 ml. (36-71 if the crysocopic solutio 
t. 3) were pipetted on to 35 g. of ice in a 100 mil, tall-form beaker immersed 1 
ture Lhe liquid vas removed with a filter stick ind the wet precipitate of ben 
ferred to a 500 mi wide-necked flask vith hot water I e f barium chloride wa 
replace the sulphuric acid in the mixture by hydrochloric acid, and the volume wa 
t 100 mil. with distilled wate The solution was titrated conductometrically wit 
ia The weight of benzoic acid thus found was 0-768 g The ylubility le va 
at 0-022 g Chis correction being applied, the weight found was 0-790 corre 
to 987%, hydrolysis lhe uncertainty of this result is mainly that of the solubil 
t It was found that this estimation cannot be perf wmed gravimetrically, because 
the precipitate from sulphuric acid considerable loss of benzoic ac oCur Phe mixture 
acid and sulphuric acid cannot be titrated directly because the sulphuric acid branc! 
eutralisation curve is not linear, probably on account of the rather weak secor 
t { Iphurs vid 
” ” il Rate M , ) 2 mi. of sulphur i t 0° wel led to each tube 
published experiment 
i. | Scandola, Gazretia, 1909, 39, | 
{ he / 1050. 2516 
(rillesy and Leisten, /., 1054, 1 
! ind Chay ul j imer. Chen 1934, 56, 12s of Chemistry a 
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ontaining the required amount of ester, the tube being immersed in a thermostat at 9° Che 
ester was dissolved by stirring. The tube was withdrawn after the required interval of time and 
the ntents were poured on an equal weight of ice cooled by solid carbon dioxide Lhe mixture 
was filtered In the case of tsopropyl benzoate the size of the benzoic acid precipitate on the 
filter paper was compared visually for different time f reaction 
Dime of reaction (mir 30 0 
I c i s 
I ted half-life 
in the case of isopropyl p-nitrobenzoate, the precipitate obtained by pouring the reaction mixture 
‘ treated with aikali to separate the este from the acid Ihe ackl was then 
re-pl itated by acidification rhe amounts of th ester and acid were compared visually 
t means the half-life was estimated to be 20 
HEFFIELD, 10 Isé, 1055 
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314. An Alkaloid of Dioscorea hispida, Dennstedt. Part II1.* 
Further Investigations of the Hofmann Degradation. 


By A. R. PINDE! 


I he base { , H,,N, obtained by Hofmar egra ti i au 


y Corrine 

breaks down when heated with palladised charcoal into trimethylamine. an 

unidentified base, and isobutylbenzene o1 + dimethyistyrens depending on 

the activity of the catalyst Hofmann decom positior f the base C,,H,,N 

ive it hydrocarbon ¢ nti, which is not aromatic pectral measurement 

hese degradation products and ) ound lerived from them are 

reported The degradative work has bee licated by the formation of 

rhe structure (XIII) is tentatively proposed for dioscorine 

previous part 1,2 of this Series reasons wer en for believing that the alkaloid 
urring in the tubers of Dioscorea hispida, Dennst., is dioscorine, obtained by Gorter ® 
mm tubers of Dioscorea hirsuta, Blume rhe present communication presents more 


evidence for this view, and henceforward it is assumed that the two bases are identical 


lurther investigations on the structure of dioscorine are now reported In the Hofmann 


i 
degradation of the alkaloid * it has been found more convenient to use an ion-exchangs 
resin for conversion of dioscorine methiodide into t methohydroxide, and this procedure 
has resulted in a slightly improved yield of the Hofmann base, CygH,,N 4 closer examin 
ation of the infrared absorption of this base confirms that it is not an aromatic amine (no 
bar iracteristic of the benzene ring in the 1660—2000 cm.~! region), and strong bands 
it 891, 1415, and 3090 cm. confirm * the presence of a methylene group of the type 
t,o! “CH, Ihe general shape of the infrared ive upports the view expressed 
previousl\ “ that the base is a mixture of isomer it attempts to separate them by 
idsorpt methods failed 
When the base ¢ rgtlyy N was heated at 210-——220" with a freshly prepared palladised 
i i tal t, it broke down smoothly into t net imine, a base, and a hydrocarbon, 
iotiy,, mainly tsobutylbenzene. The first and the last product were recognised a 
the rate and o-aroylbenzoic acid derivative respectively, he base, b. p. 1LO 
111°/12-5 ms picrate m, p. 144°), 1s now under investigation If a somewhat less active 
if t was used, the basic products were t ame, but a hydrocarbon CygHy, was 
tained: t vas mainly 66-dimethylstyrene (isobut-l-enylbenzene) (1), recognised by 


lya Aw 1911, 30, 161 
Infra-red Spectra of ( = fethnen, J 1954 


} An {/kalotd OT; 


if i ctl to ot 
tal ity t 124-—125 Lhe nitrosite of 6$-d) 
i yu I eg ° iV) i p i from 112° to 156 
ot the ] iro ONL Wa eretore 1 ‘ from benzaldehyde 
f 124—125 econ ilom th the nitrosite of the 
S"" f P Ae > A 
aN id a 7 yor" 
” Im CH 
a ~ ri oe 
a) eat (uit) (IV) 
enzem tit w ‘ lent that trace lrocarpo! ‘ 
ltr ylet a pt f the ocarbon Cy Hy. i wide max! 
450), the posit ir tensity of which it with different 
at a t 4 r Wa ‘ th than ft t 1 limethylst ( 
$600), and it is concluded that the hydroca CoH, 1s contaminat: 
CO ite } r ( i ibsor it r wa ength 1] 
Hoy Ved it 240 l hi) i to a substitut 
{f zsobutyll 701 nd dimet] tyre 1 t! vase CygHs,N 
that the latter i i seven-membered cat n ind this and earhlet 
rt the view put forward by Gorter 4 that the bass i mixture of rsobuten 
heptadier f structure I] tl iers arising from tl 
louble bond f the alkenyl grou \ structure such as (II) might 
carbon at a two allylic hydrogen atoms as trimethylamine, with the 
ity ol aromat hydrocarb« [} ultra et al orption * ot tl 
70 mu 17, 500 vests that in at least one of these isomers th 
ire conjugated The strong C:CH, band thi frared spectrur f 
ela re to obta icetol i iri ¢ Zonols l pri { Li ite that the Dase 
ill amounts of mers with a Me,C:-CH ide-chau lurther, the ba 
the 700—840 em. ! region, characteristic * of the roupl yr RR’CICHR 
n degradation of the base ¢ gta, N uready Cl 1] C,orter,? was next 
lhe base formed irtly cr talline methiodid whik was CO erted 
fe resin into a foan methohydroxide Decomposition of the latte 
umine and a highly unsaturated hydrocarbo C,H, which corresponded 
erties with tl hydrocarbon obtained by Gorter, although he gave no 
( The hydrocarb merised in a few hour and on catalytu 
ibsorbed 4 mol ot hydroge readil to ‘ i aturated hvydrocarbo1 
tatement that oxidation of th aturated hydrocarbon with perman 
formic acid al il itic acid has bee ] a careful searcl 
iromat a () i for i it no acetone (rorter 
the hyvdrobrominat ( lrobrominat I i | lation of the hydro 
ic acid 
| absorption of the hydrocarbon C,,H,, sug t that it contained trace 
lrocarhé weak bands in the 1600—2000 c1 region indicating the 
1:2- or 1: 3 or 1:2: 3-tri-substituted be ti the 1: 2-di 
preferred ba at 890, 1633, 1785 SOTO « ' confirm the 
“CH, group, whi ( lently of the type RR’CICH, Th observation 
by tl ‘ ill a t f tyrenes (III; R 
1892 
| 
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Me, R kt, or vice versa rhe ultraviolet a tion of the hydrocarbon C,,Hy, 1 
however, not in agreement with this rhe product two maxima, at 230 (e 8500) and 
278 mu SOOO) (wide the former being po i I Nexo! The ultraviolet ibsorption 
{ substituted styrenes of type (III) has been « 1 recently by Hirschberg.® o: « 
Dimethylstyrene (III R Ix Me), for exa ows no maximum absorption 
etween 210 and 300 mu, owing to steric hindrance between the bstituent 


[he most satisfactory explanation of the beha r of the hydrocarbon C,, Hy, apy 

t e that it is a mixture, possibly contain I nall proportion of an o: a-dialkyl 
tyrene, but is mainly an alkenyleycloheptatriene of possible structure (1V), which could be 
DY Gortel procedure to o-toluic a ind | vhich the positions of the double 


bonds ar t fixed though at least three must be u it The strong evidence for 
the presen of a CCH, ‘roup suggests that tl I l i e fixed yvcloHeptatriene 7? 
itself absor maximally at 260 mu (e not 1 a typical « jugated tetraene, 
itetraenol,” at 209 my (¢e 64,000 
[he saturated hydrocarbon C,,Hg show fra ba t 1154, 1170, 1366, and 
1380 cm.?, characteristic of a >CMe, group. If th iSO] regarding the structure of 
the hydrocarbon C,,H,, 1s correct, the infrared al pt ive of the saturated hyd 
carb yuld resemble that of tsobutyleyclohexane,® and, indeed, a comparison of the two 
irve hows that they are very similar An authent pecimen of tsobutyleycloheptan 


IX) wa ynthesised from p-tsobutylphenol (\ the rout how! The infrared 
absorption curves of the product (IX) and the hydrocarbon C,,H,. were very similar 
but not identical. A C-methyl estimation for the hydrocarbon ( rpto. gave a value of 


0-66 r molecule, which is more in agreement tructur IX) than with structure 
| by the total hydrogenation of the benzen¢ itive (IT] 
It 1 ncluded from the investigation i tl rocarb lerived from dioscorine 


\ 
———— 
v 
lo 
Y 
a, 
aE 
¥ 
ae 
¥ 


(VI) (Vil) Vill) (1x) 
that, t postulated by Gorter,’ the alkalo unetrical derivative of tropane 
and that the mixtures of products obtained are t t of the ability of the primar 
Hofmann degradation to take place in more tha lirection It is rather surprisin 
that the final Hofmann product, the hydrocarbon, C,,H,, not aromati 


L hye iturated base Cig3He,N obtained * | lrogenat 1 of the Hofmann ba 
a een further examined It ed absorption curve show trong 
5, 1179, 1364, and 1379 cm.~!, charact tic of a “CMe, group. If the partial 
tructure (II) assigned to the Hofmann base t, the base C,,H,,N would be one of 
uty’ © V-dimethyleyclohept Iwo of these YX) and (XI 


beer thesised for comparison j t Vi et] eptylamine (X) 
btained from the ketone (VIII) by reduct f it f ywwed by methylation 

lhe 3-isomer (XI) was obtained by a similar met from 3-tsobutyleycloheptanone (XII 
ch wa nthesised va the appropriate adi ind suberic acid ee experimental 
ectior Phe two bases had physical properti« lar to those of the base C,,H,,N 
nd the infrared absorption curves of all thr i striking similarit’ It was not 
DO ible to iL) however! that the unknown Da A tical vith either of the yntheti 
base The ynthetic base formed crystal t hice ! p. re pectively 27] 
07°, neither of which appeared t lentical th the methiodide ( p 


dy 1 Amer. Chem 1954, 76, 2841 
i Reports, 1945, 42, 116, and references t e cited 


fr i 


’ troleur titut 


Pinder: An Alkaloid of 


if the base C,,H,,N, although neither showed a m. p. depression on admixture 
It is not unexpected that isomers of such simular structure 
be 


known methiodide 
e closely similar infrared absorption curv The comparison may also 
| by the fact that the structures (X) and (X1) can exist in ets- and trans-form 
lation of dioscorine with potassium permanganate has been investigated, the 
eing first opened by pre-treatment with alkali. The only non-nitrogenou 
was oxalic acid. No basic, ketonic material has been obtained, and effort 
amino-acid have so far proved unsuccessful. The isolation of oxalic acid 1 
with the view that the lactone ring in dioscorine contain the grouping 
Che ultraviolet absorption of the alkaloid 1s also consistent with the 


Q" HOCH— ww } 
oO | ¢ 
/ 

CH~ “CO NMe CH~ 


| 
NMe 


CH—CH Shy HOCH —CH—CH, 
\ AZ 
CH,- CMe 
XIIT) (X1V) 
this grouping (Amax, 217 1 cf. ethyl 6-methylcrotonate, Me,C:CH-CO,Et,!” 
as pointed out previou ¥ : 
umed that dioscorine is a tropane alkaloid, and that the lactone ring is attache 
pane system via the tropine (3-)hydroxyl group, the structure which explains the 
lescribed most satisfactorily appears to be (XIII) It is conceivable that thi 
ld break down on Hofmann degradation to give structures of the type (I1), b 
of water and carbon dioxide The formation of oxalic acid on oxidation 
is unsubstituted, and the ultraviolet absorption of the alkaloid, and the 
ise ( igtig, N and the hydrocarbon uggest that a methyl group 1s at Cig 
is closely related to that of meteloidine !! (XIV It is interesting that the 
om is situated relatively to the carbonyl group in a very similar position to that 
nd in dihydro-@-erythroidine,™ and it will be recalled that the latter compound 
imilar type of Hofmann degradation 
lly carried out by Mr. A. W. Patterson, of the Heriot-Watt College, Edinburgh 
that dioscorine, in common with other lactones, has anthelmintic properti 
vis lumbricoides and Fasciola hepatica the alkaloid produced a marke 
ith slow recovery, at a dilution of 1 in 2000 There was no activity at 


LMM} 


I. XPERIMENTAI 


orptions v neasured in MeOH solution 
Degradation of Dioscorine Che following are improved conditions for this degrad 
wine methiodide (3-3 g.) in water (25 « vas pa d down a column, about 
Amberlite IRA-400(OH) anion-exchange resin z Che column \ 
( ind the combined aqueous olutior o dryne 


] previo 4 | T} 


hydroxide ) Lined was decomposed a 


is taken up in ether and shaken se: chloric acid 


1! Ortega, /. Amer. Chem c., 1951, 78, 1564 
Ber. 1954, 87, 1032 
Weinstock, Grundon, Sauv an é é Soc., 1953, 75, 256 


ck and Boekelheide 


Dioscorea hispida, Den 1581 


id extracts were rendered str 


‘d on the water-bath for 


ytassium hydroxide, and the 


ion was thoroughly extracted 
he extracts were dried and evaporate | | mann base distilled at 114 
0-7 Found C, 81-5, 81-5 ] N, 7-1, 7-4 Cale. for ¢ rg tty, N 
H, 11-0; N, 7-3% Infrared absorption (liquid filn no benzene-ring bands in the 
1600-—2000 cm.“ region: Ci H, bands at 890, 1415 1 3090 cr 
mt tion of the Base C,,H,,N with Pallad , l h ul ase (2-0 


y and 
prepared palladised charcoal ™ (30 0-6 


gradually under retlux in an 
to 210—-220°, the gases evolved being absorbed 1 Oled methanol At 170 
cence occurred; after 3 hr. at 210-—220° the mixt Vas cooled, tr 


175° a 
eated with ether, 
The filtrate was washed twice with dilute hydrochloric acid, then with sodium 
iate solution, and dried. The ether was « wated through 
residue (1-3 g.) distilled mainly at 180—190°/769 mm 

b. p. 190-—200°/769 m 


a short Vigreux 
a smaller 


m ind = there involatile tar 


e distilled through ! ro-Vigreux colun he 24 


4840 (Found: C, 89-6, 89-6 ; for Cygliy, , 89-6; H, 
let max 240 mu (e 835) (wid 1d str d-absorption "’ at ca, 200 mu 


liquid film) almost identical wi h obutylbenzene; ” principal 
| | } 


at 699, 740, 1170, 1370, and 1380 cm." we t 1d n 890 and 1750 1800 cm.~! regions, 


int iritie 
iro m wi stable to cold, acid several hours It 
iverted into o-avoylbenzoic acid derivati hyd n (O2 g 


{ powdered 
tluminium chloride (0-4 g.), phthalic anl 2 ry 


carbon disulphide 
efluxed on the water-bath for 14 hr canted and the residue 
F 


ice-cold 5n-hydrochloric acid (1 ie ide acid w | 


is collected and 
it was dissolved in dilute aqueou mir a (l0cu ind water (10 <¢ 


) and c.), and 
boiled for a minute with a little char : filtered 


solution was cooled and 
icidif vith 5n-hydrochloric acid, and the solid llect washed with water, and dried 
After illisations from 60% ethanol the ac i ) is rhombic prisms, m. p 
124°5 I 1! ( 76°5 H, 66 ( rel l, Oy, requir 14% The 


m, p. was 
undepre 1 on admixture with an authentic speci 


butylbenzoyl)benzoic acid 


pecimen of itsobutylbenzene w prepared y lemmensen 
It had b. p. 125°/100 n 


yc acid as described for the | carbon t rhe 


reduction of 

iverted into o-(p-tso 
acid separated from 

hombic prisms, m, p. and mixed m { our 16-4; H, 63%) 


ic solution of the evolved vap uxed with an excess of 


methanol 
he crystalline precipitate collected and tallised from ethanol It formed 
| prisms, m. p. 221°, alone or adn d iylamine picrate, m. p. 221 
in older and less active specimen of f oal led to shghtly different 
ic products appeared to be ft ne, but th iydrocarbon product 
had b p. 76-—-77°/14 mn j i 15415 (bound ( 


rotlys C, 90-85: tt bole max 255 mu (e 11.850) 


absory} tion at ca ¢ my j ‘ } d readily to 


rophenylhydrazone, n ind edt p. 2 an tone (2: 4-di 


m. p. and mixed m. } haken ip 
ution in ethanol at atmospher i Kaney 
rbed 1 mol. of hydrogen, giving j enzen ) } f — 14566 
sh ented 


1} phthalic anhydride to give th 
124--125°. The nits 


2 g 


e above 
ydrocarbon 
water (3 cx 


( eral hour 
precipitate was collected iv it crystallised 
124-125” (decom I f : N, 13-4 Cak 


5-8 , 13-5 dimethylstyrene 


1940, 1127 
titute, infrared curves nos. | 
imer. Chem. Soe , 1943 65. ih 
Ill | 18] Chem 1/ 1953. 47 


1493, 278, 88 


{ L} aloid 


: 


I is a 


te IRA-400(O!} 


Oiu 


8500 


1633 


con 


bon (0-67 


yy, req 
180, 1366, 1170 and 1154 cn 
vicyel heptane (on Oo iatl 


formic acid 


Dutyrate wa 


n reduction * 
1 


ydrogenated 


Ch 


; ' 
MOL 


being 


Afte 


1901, 24 
1028 50 5] 
$s] hbid., 1931, 53, 4 
1945, 39, 255 

1948, 70. 69 


1951, 69 


e 4-1sobutyl-N 
M2; H, 13-8. C, 


t 1379, 1365, 1153 


ied 1 Lith) im 


in Alkaloid of Dioscorea hispida, Dennstedt. Part ITT. 


olution was cooled, trea with water and ether, and the organic layer 


evaporated [he resid ome ley distilled at 160--165°/9—10 mm 
0-2; H, 75. C,H, requires C, 49-9; H, 7-4 A fore-run, b. p 


1. (682 consisted of unchanged reactant 


Butyl-3-cyanopropylmalonate,”—-The foregoing bromo-es (16-2 g.), potassium 
water (15 c.c.), and ethanol (35 c.c.) were boiled under reflux for 8 hr rhe 
{ 


tilled of 


! under reduced pressure, and th idue diluted with water. The 
Olated ith ether diethyl isobutyl-3-cyanopropylmalonate distilled at 144 


1-5 mm. (11-4 g.) (Found: C, 63-7; H, 86. C,,;H,,O,N requires C, 63-6; H, 8-8%) 
Butyladipr icid.”—The above nitrile (11-4 g.), potassium hydroxide (13 g.), 
ind ethanol (26 cx were boiled under reflux for 10 hr The alcohol was removed 


olution diluted, acidified with hydro extracted with ether 


ar ” > crystalline a-isobulvl-a who id pre acid (9-6 g 4 which 
180—190° for 30 min Phe liquid product, a-tsobutyladipic acid, distilled at 205 


OOD im rhe product solidified it ( irated from benzene-light 


| 44) 0 ! XAVOr il pri rm Pp 60 Found § ‘ H, 8-5%; equiy 
, require . H, 89% “uly 101 
uhevic , 38, 3 ) Butyladipu 

heated gently on the water-bath i : of thionyl chloride was 


d purified thionyl chloride 


10 and the residual acid chloride ille« 132°/10 mm.; g 
( old pe)! y l, requires ¢ |, 29-7°% 1e i { wide (10 2.) in dry ether 
} min., to ethereal diazo 


ether 


slowly, with ; 
84. in 300 cx ym BO 3 nitrosomethylu \ r 12 hr., the 


diazomethane were removed in vacuo The residual bis-diazoketone (11-0 g 


dv in (100 c.c.) and added portionwise to 4 susp ilver oxide (from 17 
in water (350 c.c.) containing sodium thiosulphate (16-5 g.), with shaki 
After bei 7 f ) ir. the solution was cooled and filtered, and the filtrate 


; ‘ 


ted with ether Kvap ion of the dried extract gave 
| 170-—-172° (bath) /0-05 mm. (7-6 @ i C, 62:4; H, 9-56 


gli gg, require 62-6; H, 96%; equi 


yleycloheptanone (XI11).%-—The foregoing acid (i f m filings (31 g al 
barium hydroxide (1:7 @.) were heated to 350 i 2 hr., and kept thereat until 


complete Ihe distillate was mixed with ether, and the solution washed 


m and water, dried id evaporated a Vigreux columr 


with 
carbonate soluti 

ycloheptanone distilled at 100 m 11-7 g.) (Found: C, 78-4 
( 78-6 H, 119% Phe se ! / e separated from methamn 


‘) require 
) 


m. p. 171-5° (Found: ¢ 4S H, 10-0 ott N, requires C, 64-0; H 


le hep lamine.™ : j ydroxylamine hydrochlori 

assium acetate (8 g.), methanol (35 c. al ( were heated on 

hr The methanol was evaporated, the residue diluted with water 

ited with ether 3-woBulyicye lohet {anon ” distilled at 150 156 
} (Found: C, 72-2; H, 11-4 ( ; N requires C, 72-1; H, 11-5 

ry ether (30 c.c.) was added slow! with swirling and cooling, to a 


of lithium aluminium hydride (2-7 g.) in dry ether (80 c. After refluxing on the 


th for 20 br., the mixture was decomposed in the usual manner in the presence of 


The base distilled at 121-—-122° (bath) /9—10 mn 3-8 @ Found: C, 0: H, 13-6 
requires ( 78-1 H, 13-6° 
styl-NN-dimethylcycloheptylamine (X1).%—The | il y amine (3-0 g 
t6¢. of OY ind formaldehyde (3-35 @. of 40% \ * mix , with cooling, and heated on 
te ith for 16 hr The so m was cooled, diluted l idified, and neutral matter 
d with ether The tertiary amine was isolated by bi ition and ether extract 
1N-dimethylcycloheptylamine distilled at 113 Found 
C-Me, 6-9. C,,H,,N requires C, 79-2 3°7 76° 
wid film bands at 1379, 1362, 1166 } Bs . th lide 


minute prisms, m. p. 207° (Found I rata oN require 
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Lhe author is indebted to the Colonial Product incl f upphes of plant material (via 
Professor R. A. Robinson, University of Malaya l to rs and H. Smith, Ltd., for 
extraction of the alkaloid. Infrared measurement e by Ds }. Strauss (Oxford), Dr. G. D, 
Meakin \ hester), and Dr. G, Eglinton ylasgow he author thanks them and 


7 
iali 
Dr. R. G. R. Bacon for helpful discussion 
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315. peri-Hydrvury-carbonyl Compounds. Part I. The Synthesis of 
peri-Hydroxy-indanones, -tetralones, and -benzocycloheptenones. 
By N. F. Hayes and R. H. THomson 
he preparation of compounds of type (1 


In hydroxy-ketones of type (I), the size of th 
between the two oxygen atoms and this in tur 
bonding. In order to study this effect a number 
d, and the synthetic method 
one exception the ketone 
| Crafts procedure, and as the 
odium chloride- aluminium 
i possibl 


tetralones, and one benzocyelohept 
| 


ngement of aryl esters of appropriat 
preparation of hydroxyindanons 
membered ring ketone 
er, alternative synthe 
mounts are needed The 
direct condensation of phi 
but the yields were vei 


below illustrate the forn 


HO 


0°CO-(CH,] CH :CH, 


+ CH, :CH *[CH,] °CO,H 


of the benzocycloheptenone)} (III; R OH) by using hex-5-enoic acid. The 
res of the tetralone (II; R OH) and the benzocycloheptenone (III; R OH 
were established by conventional methods of synth: (see Experimental section). Thi 
tetralone lerived from phenol, p-cresol lorophenol were viscous yellow oil 
characterised as their 2: 4-dinitrophenylhydraz In view of the low yield of the 
ne (III; R OH) obtained fr nol, the 1 ion of hex--enoir 
ictive phenols was not investigated he parent benzocycloheptenon 

OH; H in place of Me) was prepared indard procedure 


Thom J., 1953, 240 


and Ihomson 


|-tetralone 


| u 


baALCO W 


to the chlorine ato 
p-chiorophen as acylation did not oO r orth 


glutaric anhyd vith p-chlorophen 
yund is yndensation of gluta ' ; 
form the c' 


conden 


ne aepe nas on 


cil yvbenzo1 


CH,CH,CO,H 
« —— 


1949, 14 
tu6,0 

| 1035 

hie 104 


1907, 52, 392 


perl-H ydroxy-carbon 


ihydrocoumarins be 
with aluminium chlori 


sation 


agent 

pt a 

for the next 
decom posed 
to hydrolyse 


iken witl queou 


cf 


acidified with dilute 
her extract left 
or 1 hr. followed b 
from water a 
H, 6-8%). 
l-tetvalon 1 
odium chloride 
chiorotorm 
tallisation 


Lk6 Ol 4 3°5° mn { . | ‘1 T , require 


ile crystallised 


C, 65-0: H, 5-7 


180 
taine 


enolic acid was hydrogenated ns n chloroform-—metha 


a, 100° /0-05 d in j nium chloride 


oil, which 
nge needle 
H, ON, lreq 
l-tetralone o 


os . 1880) 204 
Ber., 1922, 465 


158% Hayes and Thomson 


iodide the preparation of the lower homologue the product was dissolved in metha 
and |} rogenated over Adams catalyst lhe hexanoic acid (3 g.) was then added to a melt of 
an is aluminium chloride (20 g.) and sodium chloride (5 g.) at 180° and the ketone sublimed 
ind crystallised from lhght petroleum (b. p. 100--120°), to give yellow needles, m. p. and mixed 
lhe ) 20) 
Limethoxypnenyl)vateri j l ; 2: 5-VDimethoxybenzoy!)butyri acid 12 fg 
t nethod used by lieser" for the corresponding prop icid, but not b 
ind N i's procedure ™) was reduced by the Clemmensen—Martin procedure during 24 | 
istillati nm vacuo gave colourle liquid, which solidified The desired acid crystallised 
fy ight petroleum (b. p. 50-—-60°) as prisms, m. p. 50° (6 g., 45° Found: C, 65-4; H, 7:3 
{ ), require C, 66-5: H, 75% 
] 1’-Dihydroxybenzocyclohept-\-en-3-one Cyclisation of ft dimethoxyphenylvaleri 
dium chloride-aluminium chloride yielded the ketone a ellow needles, m. p. 121 
from | t petroleum, b. p. 100-120 30%) (Found: C, 68-6; H, 62. C,,H,,O, requires 
(, 68-7 1, 6-25 It gave a transient blue-green colour with ferric chloride Phe diacetat 
tall from light petroleum (b. p. 100-—-120°) as colourless rosette m. p. 112° (ound 
( 65°35 i, 60 Uy, H of ), requires C, 66:2: H. 58 and the 2 j linitvo phe nylhydrazone 
f f ve crystals, m. p. 206 from aqueous acetic acid Found ( 54-8 H, 4-5 
i4-4 { HL gUgN, requil ( 54-8; H, 43 N, 16-1 Che dimethyl ether (methyl 
1¢-potassium carbonate eparated from light petroleum (b. p. 50-—60 43 
eedles, m. p, 60° (Found: C, 70-8; H, 7-55. C,,H,,0, requires C, 70-9; H, 7-3 
ethe i ice been prepared by Anderson et al.“ by cyclisation of the dimethoxypher 
ley th phosphoric acid 
| -tetvaloné rhe procedure adopted was similar to that of Papa ef al.* 1: 8-Di 
thalene (1-4 ¢ vas dissolved in 10% aqueou dium | lroxide (100 mil the 
ned to 40 0°, and nickel aluminium alloy (5 g.) added in portions during 301 
t ixture was refluxed for | hr. and filtered into ice and itrated hydrochloric a 
| t was extracted ith ether and distilled in icu t fe lrop yf a colourk 
e¢ 2: 4-dinttrophenylhydvazone crystallised from acet | red needles, m. p. 253 
C, 566-3 H, 415 N, 16:1 CigH ON, requires C, 56-1 H, 4°] N, 16-3 
t erial v recovered together with a small amount of yellow non-ketonic crysta 
J1h from light petroleum Db. p LOO 120°) (Found ( FP Ade H, 41% 
Cc} 4-hydroxy-7-methoxy-1-letvalone 5-Chloro-7 : 8-dimethoxytetralone OS 
et cid (5 mil.) and concentrated hydrochloric acid (20 ml was refluxed for 2 1 
ft | dilution with water (50 ml.), the precipitate was collected, washed, dried 
from light petroleum (b. p. 80-—90°) as yellow needles, m. p. 104° (0:3 g., 60 
( | kobinson “ obtained thi compound a4 a by-product in the ¢ lisation of y 2-chlot 
t:5 et phenyl)butyric acid lhe acetate separated from | t petroleum (b. p. 100 
120 irle rosettes, m. p. 97° (Found: C, 57-9; H, 4-8; Cl, 13-6 Cys 0,01 require 
( 18: Cl, 18-29 
( nsatior f 4 Butyrolactor th Various Phenol The eneral procedure of Kruce 
lr} on + is used 
Cresol and y-butyrolactone yielded two product [he major portion, 7-hyd¢ 
}:4 ndan-l-one (57 vas obtained as col ri I n. | 54 from lght 
60 [his compound was onl light luble in aqueous sodiur 
} le | gave an intense violet ferric chloride colour The 2: 4-dinitrvophenylhydrazor 
f } orange needles, m. p. 262° (Found: C, 57-1; H, 46; N, 156-9 
( H, 46; N, 16-7% The second product was obtained 
é more volatile some! On crystall f from water 4-hAydr 
; } d colourless needles, m. p. 175° (4 found: C, 74-8: H, 68 
( ee 6-8 This indanone is readil luble in cold aqueou 
} I colour with ferric chloride IL he 4 1-dinttrophenyvlhydva ne 
ry is dark red needle m. p. 300 l C, 57-05 H, 45 
1h 
bhi | and butyrolact iT imilarly gave t » 1s eT one 7-Hydroxy-3 
ylind ¢ distilled as a colourless liquid, b. p. 63°/0-05 mm. (50 ound: C, 74-06 
{ cj 1040, 62, 2066 
| Na ind, /. Un homba 1947, 15, A, 19 
Horton, Wall und Weiler, /. Amer. ( 19 77, 598 


Kol n, / 1044, 506 


1956} peri -Hydroxy-carbon yl ¢ ompounds. 


Pari I 


} for io! 1 192 2 l 1 1 trated from wueou wetl 
acid a lourle eedle n. p. 120° (I C, 70 i, 58, C,.H,,O, re es C, 70-6 
H. 5-9 i tl 2: 4-dinitrophenylhydrazos cet wid as oral red needk m,. p 
256° (Found : C, 57-45; H, 4-05; N, 167. C,,H,,O,N, requires C, 57-8; H, 4:2; N, 16-9%) 
J eri tone, §-hydroxy-3-methylindanone, formed colourless needle from water 
148° (8° Found: C, 73-75; H, 62% Its 2: 4-dinitrophenylhydrazoy separated from 
t Y ene as red crystals, m. p. 270° (Found: C, 57-75; H, 4:5; N, 168% 
p-Chlorophenol and Y butyrolactone formed 1e product, 4-chloro-T-hyd) 3 
methylindanone, which crystallised from aqueous alcohol in colourless needles, m. p. 54 0 
Found: C, 60-6; H, 4-7; Cl, 17-9. C,,H,O,Cl requires C, 60-7; H, 4:55; Cl, 18-5° Phe 
wcetate formed colourless needles, m. p. 118° (from aquee wetic acid) (Found ( 1-35 
H, 4:25; Cl, 14-9. C,,H,,O,Cl requires C, 60-1 H, 45; Cl, 152%), and the 2: 4-dinits 
phen lrazone also crystallised from aqueous acetic acid forming orange needles, m. p, 248 
(Fou C, 51-1; H, 3-5; N, 14-9; Cl, 9-5. C,,H,,O,N,Cl requires C, 50-9; H, 3-45; N, 14-8 
Cl. 9-7 
7-Hyd) 1-methylindan- l-one p-Cresol (1 1 acryloyl chloride (1 g.) were refluxed 
lrogen chloride was no longer evolved (5 1 the resultant ester distilled (b. 1 
1. 200 rhis liquid (0-7 g.) was added to a melt of lr iluminium (20 , ind sodium 
chloride ig it 180° and after 2 min. at this t mperature the mixture was cooled and 
decomposed with ice and hydrochloric acid. The ketone was purified by sublimation at 60°/0-05 
mm. and crystallisation from aqueous alcohol, formi colourless needles, m. p. 110° (0-4 g 
26° 7-Hydroxyindan-l-one, m. p. 111°, and 4-chloro-7-hydroxyindan-l-one, m. p. 122”, 
were similarly obtained from phenol and p-chlorophenol respectively 
Ouinol Diacrvylate Acryloyl chloride (1-5 g.) and quinol (0-9 g.) were refluxed together for 


5 min. The solid deposited on cooling crystallised from aqueou 


ilcohol, to wive the diester as 


colourless plates, m. p. 88° (Found: C, 66-0; H, 4:6. Cy, H,,O, requires C, 66-0; H, 4.6% 
Attempts to repeat this experiment failed 

1 : 3-Di-(2-hydroxy-5-chlorobenzoyl) propane p-Chlorophenol (5-7 g.) and glutaric anhydride 
5 fused in sodium chloride~aluminium chloride ive the diketone as pale yellow needle 
fri aqueou leohol), m p. 156° (5-8 g.) (Found C, 67-56: H, 3-8: Cl, 20-5 C,,H,O|, 
requires C, 57-8; H, 40; Cl, 20-1%) The bis-2: 4-dinitrophenylhydrazone separated from 

dichlorobenzene as orange crystals, m p. 258 bot l ( 18-7 H, 3-2; N, 15-6; Cl, 10-4 

Cog tH ,O1,.N Cl, requires C, 48-8; H, 3-1; N, 15-7; ¢ 10-0 ind the diacetate separated from 
light petroleum (b. p. 100-—120°) as colourless rosette n. p. 92° (Found: C, 57-4; H, 43; 
Cl, 15-95. C,,H,,O,Cl, requires C, 57-7; H, 4-1; Cl, 16-2% 

3: 4-Dihydro-6-hydroxycoumarin [lo a molten mixture of anhydrous aluminium chloride 
30 and sodium chloride (7-5 g.) at 180°, wa Ided slo t tirring, 6-(2: 56-dimethoxy 
phenyl) proj uc acid ® (2 g After 5 min., the mixture wled, treated with water (200 
ml.) and meentrated hydrochloric acid (100 ml l ¢ uted with ether After being 
dried (MgSO,), the solvent was removed and the resid tallised from water, had m, p 
163 7) Found C, 65-0; H, 6-1 Calc. for C,H,O C, 65:2; H, 49 It gave no 
ferr hl le colour and formed an acetate, m, p. 86 

4:7-D lroxyindan-l-one.*-—(a) 4: 7-Dimetho l l-one™ (0-2 g.) was dissolved in 
48°, hydrobromic acid (10 ml.) and refluxed for 2 hr Phe lvent is removed in vacuo and 
the residue crystallised from ethyl acetate—light petroleum (b 100--120°) to give colourle 
needles, m. p. 198° (Found: C, 65-75; H, 4:75. C,H,O, requires C, 65-85; H, 4.9%) 

b) 3: 4-Dihydro-6-hydroxycoumarin (0-1 g.) was added to a melt of anhydrous aluminium 
chloride (10 g.) and sodium chloride (2-5 g.) at 180° and the temperature was maintained between 
180° and 220° for 45 min After decom positir n of the c plex in the usual way, ether-extraction 
vielded a colourlk solid, which crystallised from eth wetate-light petroleum in needle 
mM. } i mixed m 198 

One of us (N. F. H.) thanks the Department ific and I istrial Kesearch for a 
M inte \ | ‘ e 
I BE OLD ABERDEE COTLAND y 7th, 1956 
° npound named 4: 7-dihydroxyindanons f 1302 ld be 5: 7-dihydroxyind 
| Za gv, |. Amer. Chem 7 1041, 68, 1317 
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316. The Influence of the Reaction Medium on the Relative Apparent 
Klectron-donating Effects of Different Alkyl Groups. 


[his study of the rates of ionisation of the halides R-CMe,C! (R Me, Et 

j Ibu in five widely differing olvent \ indertaken t él idate further 
e nature of the Baker-Nathan effect which i riously attributed t 
perconjugation and to steric resistance to bond contraction [he former 


eory is shown to demand that the effect, being of a polar nature, be most 


onounced in the best cation-solvating solvent while the latter theory, 
emands the reverse Actually, the relative rates of ionisation vary great] 
f olvent to solvent, and the data, though somewhat irregular, are much 


re readily reconciled with the latter view 


ips may tabilise electron-deficient molecul by two different mechani 


( tabilisation, increasing from Me to But, is due to the inductive effect of al 
other type, increasing in the order H < Bu' Py kt Me and know: 
Nathan effect, is the subject of controversy Baker and Nathan ! ascribed 
t toa me eric or electromeric electron release by alkyl groups (hyperconjugation) which 


ible if at least one hydrogen atom is linked to a carbon atom attached to an ' 


iturated centre and which increases in importance with the number of hydrogen aton 


) 


tructures like H'CH,:CH-CH, in the case of propene are considered t 


ind Spinner,” on the other hand, have criticised the theo 


ry ol hyperconjugati 
| the baker-Nathan eflect to steric resistance to ynd contraction Whe 
in a quires a (partial) positive charge it bond radius contracts and the linkag: 
tt to it become stronger with a consequent stabilisation of the molecule.’ ue 
t { will be referred to as contraction stabilisation [he contraction stabilisation 
hen the atom to which an alkyl group is attached acquires a (partial) positive 
charge decreases with the size of the group, 1.e., in the order Mi It Pr But (> H*), 
to intramolecular steric repulsion 
() portant difference between these two theories lies in the fact that hyp 
effects, like all mesomeric and electromeric effects, are true polar effects, 1. 
due to the transfer of electronic charge from the alkyl group to the electi 
tre Ihe contraction effect, on the other hand, is not a polar effect, ec 
tract tabilisation being due essentially to increased orbit erlap giving rise to 
{1 bond (This effect must not be confused with the | shortening due to 
louble-bond character which is demanded by the theory of hyperconjugation 
ind parable from the electron-donating effect.) The total stabilisation of an electro: 
ient entity by an alkyl group, due to the sum of the inductivi hyperconjugation o» 
tract effects, which will be called the apparent electron-donating effect of the all 
fluenced by the reaction medium. It will be shown by a complete analy 


of the « rgvetics ol a typical heterolytic reaction, viz., the dissociation Re Me, oe od 


eel Me tudied in the present work that the two theor lead to opposit 
het erning the relative prominence of the Baker-Nathan effect in different 
{the C-H bond lid be re le by very i rnuclear re ilsi é 


vathan, / 1035, 1844 
1 Spinner, /., 1954, 3752 
( i lb itude de ia tructure Molé I t 10458 


1044. 40 ind Ind 1044 63 44 


tribut 


1956 


R-CMe,Cl —-» R-CMe, + Cl—w»  R-CMe 


( > R:'CMe, cl 
Unrearranged 


Rearranged 


{ the ator in R*CM i I } 

I} lectronic) potential energy difference betwee the initial and the transition state 
consists of 1) the energy of heterolytic fissi {ft (—Cl bond; (2) the tonisation 
potential of R-«CMe, and the electron affinity of | t itter being independent of R 
, T ‘ ft 1 re 


arrangement of the ion R-C Me, 1) 1 lifference between the energie 
if solvation of R*CMe,Cl on the one hand and of R«CMe, and Cl on the othe 5) the 
ieren 1 intramolecular van der Waals—Lond hesion energy * between KC Me , 


Pp 


Factor (1 ilmost independent of the polar effect of R but 
b ociation relieves intramolecular ste tr > The 


iffected by its size 


i ionisation potential 
{ K*C Me, (2) is determined by the polar effects of R by its ability to transfer electroni 

to | ich a transfer will be strongly facilitated the vicinity near R of th 
if polar (or polarised) molecul Factor (3) is composed of the relief in 
ty 


ntra ecular steric strain obtained when thi n becomes pl , d the contract 
: ib ns in the ion; both will be almost unaffected by tl 


' 
he nature of the solvent 


energy of solvation of R°CMe, (4) is determined to some extent, but by no mean 
the ease with which the negative pole ot the 


he solvent molecules can approach ¢ 
Vill | reduced if R is bulky,®® the re 


reduct being greatest in the solvents which 
ite t ition most effectively However, the transition state obtained in ionisatior 


\ Me 
eas ar 
O--"H-CH, =C i fan J Ayper nyugatior é, am 
| él fron ava i [ ‘ i l yt vie f 


y Me 


- 
actions consists of a pair of partially olvated io! t} Lect of solvent molecules to 
{ is restricted i iny Casé the attractions betwee ent and R itself (which j 
Te cannot be ignored Ihe intramoleculas er Waals-London attractive 
force ») stabilise the undissociated halide tabilisation increasing with the number of 
ito! Ik However, these forces (which will be discussed fully in another publication) 
tend ft e relatively le important in saturated te thie will only be affected 
light Y the olvent 
| et tic reactio tabilisations due t olar effect polar stabilisation 
( ind factor 2) ove! hadows all othe H jugat ym transtier electron 
i ‘ tively than does the inductive I { lis the potentially sti mgetr polar 
lect ni r® has already pointed out that it ould favoured by olvents which are 
| eptors in hydrogen-bond formation (see I\ Kloosterziel and Backer® found 
tt itive) Hammett’s o-value for the Me group | hest in the most polar solvent 
it thu ve due to enhancement ot either the induct r the hyperconjugation etlect 
° | ecular energy was first « ile ] : 
/ ; 1932, 54, 3191 
tcher, ibid., 1949, 71, 1845; | 1950, 72, 5068 
J elw 1, / 1949, 2412 


| l | 1953, p. 312 


ic Che 1953, 75, 2025. 1954, 76, 1¢ 
ela Backer 1., 1952, 74, 5806 


1592 Spinner : 


(lhe reaction 


The Influence of the Reaction Medium on the Relative 

tudied, viz., the addition of a proton to p-toluidins 

ionisation of an alkyl halide It is noteworthy that th 

the most polar medium, although the better solvation of the N* at 
ce the electron demand on the Me group.) 


acorn 
of } 


is closely compara! 
t hie 


value of Me i 


6 highest 

could conceivabl 
e Baker~Nathan effect is not observed in electronic absorption spectra, Buravy 
ay 10 


conclude that it is not a polar effect, but related to factor (3). Energies of 
citation are composed of factors of the type of (2 
Pa | 


| I (4), and (5), but not (1 
in some of the studied the polar stabilisation of the excited 
| groups is very great Sweeney and Schubert," on the basi 
concluded that the 


ryt 


ey 
tems 


tate | 
of the same evidence 
taker~-Nathan effect cannot be a polar effect; confining thei 
to cations (in general), they ascribe it to steric inhibition of solvation of the ion 
egard it as related to factor (4) (this view ha criticised by 
19 lo summarise, if the Baker—Nathan effect a polar effect 
njugation, or if it is due to steric inhibition of solvation, 
in solvents which solvate cations most effectively ; 
these will be just the 
le pre’ 


beer Surawoy 
1.¢., is due to 
it should be most pro 
due to neither of the 


most prominent 


olvent of the apparent electron-donating 
Hughes, Ingold, and Taher !* found the 
; rates of the p-alkyldiphenylmethyl chlorides to be 
aqueous acetone than in pure ethanol! 


Berliner, Beckett, Blomer 
vewman '* observed a pure Baker-Nathan order in the rates of alkaline hydrolysi 
e ethyl p-alkylbenzoates in 85 


and 
] 


i 
olvents in which the inductive « 
ious work on the variation with 
f alkyl groups has been carried out 

Nathan effect in the 
e prominent in 80% 


) 


ect 1 


e 


solvolysi 


% aqueous ethanol, but a pure inductive order for the 
ction when carried out in 56%, aqueous acetone (in which solvent the o-value for 
elf is higher). The significance of these data (collected in Table 1) was difficult to 
kthanol and 80°, aqueous acetone are solvents of similar ionising power; 56 
is acetone is a more highly polar medium than 85%, aqueous ethanol 
PABLE 1. Velocity constants in different solvents 
ction Medium H Me it Pri 
80%, COMe, 7-28 126 101 
CHPh Cl htOH 5-30 2 120 106 
CO,Et OH 56% COMe, 2-89 1-06 0-964 
),~ + EtOH 85% EtOH 0-614 27% 0-203 0-314 
ilues of 10%, (sec. Values of 10%, (1. mole sec.) at 25 


ent work the rates of ionisation of the 


re studied in a number 
collected in Table 
(ionisation) even in 


CT of halide 
varying widely 
such halides underge 


R-CMe,Cl (R 
in polar | 
olvolysis by 


Me, Et 
of solvent 


ropertie Lhe 
a unimolecular 
tsoPropyl chloride (R H) 
uncertain in many solvents 


aqueous ethanol by Shorter 
are included in Table 2 


, aqueou 


olvents of low polarity 16 
ot studied because the mechanism of solvolysis 1 
te series of halides has been examined in 80° 
and by Brown et al.® 


"7 i 
70) 


helwood ® 


Their result 
, aqueous methanol, 90° propan-l-ol, and 90% aqueou 
from kinetic complications. In the case of the hydrolyses in 94°% formic 
vhich contained 1°% of water, a slight excess of calcium formate over alkyl halide, 
of acetone (the presence of which is essential to ensure 

lides at 


peedy dissolution of thi 
the commencement of reaction), the first-order 
a 


velocity coefficient 
the reaction proceeds, presumably owing to reversibility of heterolysis (se« 
the values of the “ 


constants "’ given in Table 2, being average values, are of 
ibsolute significance, but they represent the relative reactivitites of the halides quite 
y. Measurement of the rate of hydrogen chloride generation in absolute propanol 
| d by the fact that 


there is 
it 35 the 


allowance made 
and Spinner ] 


appre iable reaction between | 
for this is rather approximate 
, 1955, 2085 

1 Schubert, /. Amer , 1954, 76, 4625 
Ingold, and Taher, /., 1940, 949 

beckett, Blommers, and Newman, / 
/ 1935. 255 ooper and 


hydro chloride 


* accuracy 
Caen 


imer Chem 
Hughes, / 


952, 74, 4940 
/., 1937, 1183 
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TABLE 2. Velocity constants for the reaction R*CMe,C| — R-CMe,* 
im different solvents 


olvent Temp 


H-CO,H 15 


, EtOH 


ee ee 


a) For composition of solvent 
(b) Brown and Fletcher; Brown and 
c¢) Shorter and Hinshelwood.* 


of the absolute velocity constants obtained in thi ive is uncertain, but the relative 
rates are fairly accurate 

rhe order in which the various alkyl groups facilitate the ionisation of R-CMe,Cl varie 
considerably from solvent to solvent; in formic acid and 70° aqueous methanol the 
inductive effect is preponderant, while in 90°/, aqueous propanol the inductive and the 
Baker-—Nathan effect are about equally strong. There is, however, not complete regularity 
as between solvents; the ion-solvating powers decrease from 70°% aqueous methanol to 
80°%, aqueous ethanol to 90% aqueous propanol to 100°, propanol, but these solvents 
do not form a continuous sequence. In Table 3 the solvents are listed in the order in which 
they enhance the activating effects of the various alkyl groups relative to methyl, and it i 
een that for all groups the order is 70% MeOH ‘> 94%, H-CO,H 80°, EtOH — 90% 
PrOH; these solvents may be regarded as “ normal [he positions of 90% aqueous 


/ 


e and propanol in the lists are, however, not fixed, and these two solvents, especially 


wcetol 
the latter, must be regarded as anomalous 

In Table 3 the solvents are also compared as regards their effects on absolute rates of 
ation, 1.¢., their ionising power, and as regards the electrical conductivities which 


oO! 
. , 


l 
lrogen chloride exhibits in them. All the lists are headed by the most polar solvent 
it there is no strict parallelism between any of the properties listed 


[he ionising powel! of a solvent depends on it bility to solvate both anion and cation 
ind solvation of the small anion is likely to be more important) The dimensions of the 


transition state, especially the C—Hal distance, will also be determined by the tonising 
e of some importance there 


power of the solvent, and since this factor could conceivably b 
might be a parallelism between the solvent effect bsolute ionisation rates and the 
ement by the solvent of the activating effe: yl gre Actually, there is 
irallelism, and this factor seems to be overshadowe: | n the case of the 

As shown above, the ay ren l¢ ) lonating effect of alkyl 


yuld depend on the ability of the solver » solvate the cation [he electrical 
ies of the hydrogen chloride solutions depend on the basicities and ionising 
f the media, and on the mobility of the ions (7.¢., the weight and size of the solvent 


basicity and cation-solvating power a losely related properties depending 


ivailability at the negative pol 


1504 pinne) Lhe Influence of the Reaction Medium on the Relative 


us acetone, which might be expected to be mular to 9O 
than expected a gards both its « lucting power 


g effect of all rou peciall 


Relative reactivities and absolute 
electrical « nductht tL of H¢ 


mOH H-°CO,H 
}+% 1-4 
H-COH Pron 
13 
HCO 


cture of the acetone molecul 
ible, while the positive en 


, 
cule hould solvat 


f the del] lisation of electror 


inductomeri I uy but accordir 


i high « le 


eflect 
in this sol, 
olvation o 
lectrostatic attracti' 
likely to be somewhat different 
iormal n the position 
induct it the expensé I Baker—Nathan 
H-CO,H ktOH 90 
inent as the « on-sol 


induct 


Baker—Nathan effect is neither 


i ' | 
equence OF 


ther effect 
1} } 


lf Wii ( 


klectron donating i ffects of Different Alkyl Groups L595 


i 1] 1: 1:2; 2-Tetramethylpro; hl a by recrystallis 
ite methanol and sublimation in vacu fn 120 
lary tube 

Aqueous methanol ; 600 ml. o t ip to 21. (at room 


lned methanol 90% Aqueous | l jucous aceton 200 ml 


emp 217-5 


ip to 2 ] it room temy 
dried a 


, , ] 0-9 ¢. of alkyl 
Olved in 100 ml. of i the 2: 2-tetramethy! 
70% aqueous methan the halide 


in 36-6 ml. of pure methan ’ nl water and 50 ml. of 
at 35 was added rapidly I i [ iy i 4 Ol ent composition 


{ 70% aqueous methanol | f I ! } ime imple of 


ill halides 


lrogen chloride generation 


|-platinum electrodes and a n | l ( tant wa 
r each determination hydrogen 
n were prepared for ea ) ed ‘ l ivities of hydrogen 


n absolute propanol decre t, more slowly 
the bu \ l used the chart were 


ite determinations 


r some water has been formed) 

ed after time intervals comparable with tl i d in ri 
about 99 of solvolysis. In the the | reaction vere pul sued ip f 
olvolysis; the velocity coefficients cal ( hose first-order irreversible 

were estimated by 


tions in 70% aqueous methanol were foll é oO mpletion, equilibrium corre 


ill cases total halide contents 
Data or one typ il 


hloride 


velocit coetth 


of the reaction mixture 
vent are shown in Table 4 


responsible for the observ 


rABLE 4 


CMe, EtCl in 90 
aq. COMe, 
a 709 
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Hydrolysis of CMe,RCI in 94% formic acid, in the presence of excess 
of calcium formate, at 15°.* 


10 15 20 26 30 


61 44 9°25 12-08 
0) 19 1-6 

f 22 6-5 

1U*k 2°: y 


aw 


te 
bo GS to tO GS to 


1U*k 
: 
10Q*k 
2 
10%k 
, 
10% 


) 
+ 
‘ 
28-5 
> 
4 U7 
initial concentration of alkyl halide an concentration of chloride ion after 
t 20-30 Hr t Average value of 10% 


in formic acid (m. p. 83°) (total volume 50 ml.) at 15° was added to a solution of alkyl! halide 
0-35 > g.) in acetone (2-5 ml.) rapidly and with vigorous shaking; 5-ml. samples were 
pipetted into tubes which after specified periods were immersed in solid carbon dioxide; carbon 
and the 
chloride was titrated (Volhard’s method), The total halide content (ionised +- labile organic) 


tetrachloride (15 ml.) was added, the mixture was extracted with water (2 x 15 ml.), 
vas estimated similarly, 6-ml, portions of formic acid solution being added directly to excess of 
ilver nitrate solution (containing some ethanol) 

[he velocity coefficients are those for a first-order reaction opposed by one of the second 
order (The occurrence of the reverse reaction between fert.-buty! alcohol and calcium chloride 
d in this medium.) Ihe coefficients decrease as the reaction proceeds ; for tert 

the imitial coefficient agrees closely with the value obtained by Bateman and 

hydrolysis in slightly aqueous formic acid containing no calcium formate (2-3 

Complete results appear in Table 5 
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317. Adsorption of Complex Anions from Uranyl Sulphate 
Solution by Anion-exchange Resins. 


r. V. Arpen and G. A. Woop 


At pH values below pH 2-5 uranium is adsorbed from | ite solution by 


base anion-exchange resins as a complex UO,(50,)5* There i 
nee that adsorption occurs by the formation of this ion on the resin by 
uldition of UO,SO, to the resin sulphate, as well as by the normal 
inge proces At pH values in excess of 2-5, the uranium loading of the 

ases, owing to the presence of increasing proport 


in 


the work carried out on uranyl salt solutions has shown that uranium is present 

in cationic form McInnes and Longsworth ! and Longsworth, Best, and Taub ? 
wed that the UO,?* ion is present in acid solutions and is hydrolysed to form U,O,* 
ng pH. Sutton * confirmed these results in non-complexing solutions, and 

ved that further hydrolysis gives U,0O,** and U,0,-OH* He pointed out that iy 


ulphate solutions his results would be modified by the effects of ion-pair formation. Bett 
ongsworth, MDDC 911, Tech. Inf. Div., Oak Ridge 


st, and Taub, A380, M.R.C. of Canada, 1942 
JRO 


1956 Uranyl Sulphate Solution by A: 


Anton-exchange Resins. 1597 


' showed by spectrophotometric 


l-2m with respect to sulphate, the only comy YU, 
vork has been criticised by Ahrland,® who | ilculated formation constants for 
» UO,(SO,),?-, and UO,(SO,),* from t 


: P potentiometric and spectro 
etric studies. Nevertheless, his work su 


eee iat, in dilute solutions at least, t 
int complex is UO,SO, and that 


ul om} xist only in low cor 
Che absence of significant concent ! 


in solution is confirmed 
» showed by conductometric ai nethod 1@ propertl 
hate solutions from pH 1-5 to p can | lained almost completel, 
ulation of Sutton’s condensed catior 1 th rresponding uncharged sulphat 
lence thus points to the virtual absence ( lexes fro 
Nevertheless, it has been found that uran 


' 


oncentration rans 
ent was the uncharged UO,S5O 


adi orbed Irom 
r-base anion-exchange resins 
Chemical Research Laborator 


d and the adsorption mechal 


work, whucl 


tudy the nature « 


EK XPERIMI 
were Amberlite IRA-400, De 
iboratory All these mater 

rroups of the benz 
n could be found for th 
cities and dry weights re 
nium adsorption 


di ying and weig! 


irried out in downward flo 
ed for capacity and cl 
tubes closed ith fiuter 
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ffectively a complete absence of competition for active groups on the resin 
r the conditions of these tests, always become saturated with the uranium 
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ited UO,SO,, being uncharged, would be able to enter the resin freely, without 
the Donnan membrane effect Equation (3) implies lack of competition 
ites, and complete saturation of the resin by the uranium complex irrespective 


ite concentration by either of these mechanisms, therefore, the limiting valu: 


UO,\e and [Cl)p/([UO,), represent the sulphate content and charge of the 
ion At pH 1-8, these limiting values are 3-0 and 44), and the only uraniun 
resent in measurable quantities is therefore UO,(SO,),‘ he results at pH 2-5 
ed below 
it has been shown that the presence of sulphate in solution has no effect on uranium 


mn, the mole-fraction of the complex on the resin A} O.).4 hould remain 
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ng measured (SO,)g his decrease is due to competition from HSO,~ 10n 
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Organometallic Compounds of the Alkali Metals. Part VI." 
Nividence for the Formation of Free Alkyl Radicals during Certain 
Wurtz Reactions. Homolytic Reactions between Alkyl-lithium Com 
pounds and Alkyl Halides.* 
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basically different mechanisms have been proposed and supported by 
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KBr — 


| mechanism (A) was first suggested by Schlubach and Goes * but, although 


has received much subsequent discussion, there seems to be little definit 


tal support The “ sodium flame ’’ reactions ! « Ullmann reaction * both 


ee radicals, and rather unsafe analogies have sometimes been noted between thes« 

Wurtz reaction. Bachmann and Clarke * isolated o-terphenyl and triphenylene 

e reaction between chlorobenzene and sodium at 130° and regarded the production 
compounds as evidence for the intermediate formation of free phenyl radical 

‘and Morton, Davidson, and Hakan ® have suggested alternative non-radical 

In the light of recent work,’ it seems that the reaction of chlorobenzene with 

um might well lead to the formation of “' benzyne,’’ C,H,, the trimerisation of 

» triphe nylene has been reported by Luttringhaus and Schubert.? Kharasch 


i Nudenberg ® treated sec.- and ftert.-butyl bromide with sodium in the presencs 


hey obtained products which suggested an interaction between the fre 
ils and isoprene, but appeared not to regard their results as wholly conclusive 
ism (B) seems to be more widely supported. The formation of alkali-meta! 
ing Wurtz-type reactions has been demonstrated on many occasions, and by 


hoice of conditions, alkyls of lithium,® sodium,’® and potassium ™ have been 
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Morton and his co-workers ® concluded from an extensive investigation that a 


ng and disproportionation products of Wurtz reactions could be accounted f 
assumption of free-radical intermediates, although they did not wholly ex« lude 
that free radicals play a small part (cf. Morton and Brachman 12 Mortor 


Many workers ** have studied the coupling and disproportionation reaction 


| 
ir between alkali-metal alkyls and alkyl halide I he ults, which are compl x 
)t to have suggested the possibility of free-radical intermediate 

pre ert work, tsopropylbenzen¢ has been used as a detector for pos ible free 


ntermediates in the Wurtz reaction and in some related reactions. In earlier Part 


es '® 1° it was shown that tsopropylbenzene does not produce free alkyl radical 
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with alkali-metal alkyls, and the difficulties inherent in the use of 
il ce tec tor are the ré fore avoided 
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ne was purified by shaking B.D.H. material with portions of concentrate 
til the acid remained almost colourle F ing, drying, and then distill 
lride and sodium through a 180-cm. column of nske helice A mi 
er 0-3° was used The hydrocarbon wa l r a little powdered ca 

it dry and ) n ie formation « Kid We have found 
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hydride and calcium hydride to be very useful in this respect for a number of hydrocarbons and 
ether Alkyl halides were purified as in Part I.” Alkyl iodides contained no free iodine, 
Solutions of alkyl-lithium compounds in aromatic solvents were prepared as in Part II: ™ free 
metal and lithium halides were excluded. 
Alkali metals were used in the form of wire (0-5 mm. diam.), except where otherwise stated 
All reactions were carried out under nitrogen, with stirring 
It was not found practicable to separate n-octane (b. p. 126°) from tsopropylbenzene (b. p 
fractional distillation. A composition—refractive index curve was constructed from 
h the proportions of m-octane in the experimental mixtures with tsopropylbenzene were 


3-dimethyl-2 : 3-diphenylbutane refer to material of m. p. >114°. The 
ind, m. p. 118-—118-5°, was obtained by recrystallisation from ethyl alcohol or, in 
, by passing a solution in light petroleum through a column of alumina. Mixed 
always taken 
between Alkali Metals and Alkyl ! i) Sodium and ethyl iodide. A 
ion of sodium (2-0 g., 0-087 g.-atom) in ropylbenzene (35 g.) was stirred with ethyl 
_ 0-1 mole) at 90—95° for 20 hr / luct was filtered through sintered glass 
under nitrogen. The material (ca. 0-3 g.), b. p 160°, partly crystallised after 10 days 
Addition of a little 1: 1 methanol-ethanol gave 2: 3-dimethyl-2 : 3-diphenylbutane (0-03 g., 
0-3° 
b) Lithium and n-butyl iodide. (i) At 95 n-Butyl iodide (9-2 g., 0-05 mole) was heated 
with lithium (1-05 g., 0-15 g.-atom) in isopropylbenzene (24 g.) for 18 hr rhe product was 
filtered as in method (a), The yields of 2: 3-dimethy!-2 : 3-diphenylbutane and n-octane were 
1-1 g. (19%) and 1-0 g. (35%) respectively 
At 130 The previous experiment was repeated at 130° with n-butyl iodide (11-0 g., 
0-06 mole) and lithium (1-25 g., 0-18 g.-atom) in :sopropylbenzene (29 g.) sutane (20%) and 
ne (10%) were collected in a trap at — 25° rraces of lower-boiling hydrocarbons appeared 
lso formed, suggesting slight fragmentation of buty! radical: litration of an aliquot * 
that 0-003 mole (5%) of a soluble organometallic species was formed, possibly n-butyl 
After hydrolysis, the yields of 2: 3-dimethyl-2 : 3-diphenylbutane and n-octane were 
18%) and 0-8 g. (24%) respectively 
c) Sodium and n-butyl todide (i) at 26 tutyl iocide (9-2 ¢., 0-05 mole) was added 
during | hr. to sodium (3-5 g., 0-152 g.-atom) in tsopropylbenzene (24 g.) rhe blue product was 
it ca. 20° for 2 days. A small portion gave a negative test for butylsodium.” jutane 
ind butene (1:4%) were pumped off After hydrolysis, n-octane (2:35 g., 83%) was 
, but no trace of 2: 3-dimethyl-2 : 3-diphenylbutane could be detected 
[he previous experiment was repeated on a larger », and with an excess of n-buty! 
n-Butyl iodide (22-0 g., 0-12 mole), sodium (2-3 g atom), and tsopropylbenzene 
ave butane (5-7%), butehe (5-3%), and n-octane 7 g., 69%); but again, no 2: 3-di 
methyl-2 : 3-diphenylbutane was found. The estimation « octane was complicated by the 
necessity to remove the excess of n-butyl iodide (b. p. 130°) by heating the tsopropylbenzene 
octane mixture with alcoholic potassium hydroxide, The figure quoted may be rather low 
At 130 n-Butyl iodide (13-8 g., 0-075 mole) was added during 30 min. to sodium 
0): 225 g.-atom) in tsopropylbenzene (36 g.) After a further 15 min., the grey product was 
eated at 150° in order to expel all butane and butene Butane (0-46 g., 10-56%), butene 
35%), n-octane (2-6 g., 61%), and 2: 3-dimethyl-2 : 3-diphenylbutane (0-11 g., 1-2%) 
‘re obtained 
I xperiment (c) (1) was repeated, but, before addition of water, the blue reaction product 
d for | hr. at 130°, at which temperature all colour was rapidly discharged. No 2:3 
dimethyl]-2 : 3-diphenylbutane was obtained 
Potassium and n-butyl iodide at 130 n-Butyl iodide (22-0 g., 0-12 mole) was added 
10 min. to potassium (3-9 g., 0-1 g.-atom) in 1 opylbenzene (48 ¢ n-Octane (2-0 g 
formed Distillation at 20 mm. gave fracti b. p. (i) 120--130° (1-0 g.) and (11) 130 
5 g.), together with an oily residue (0-5 g.) lraction (i) was probably largely n-butyl 
ylbenzenes (Found: C, 88-1; H, 11-35. Calc. for C,,H,,: C, 88-6; H, 114%). Treat 
with ethanol gave, after prolonged storage, 2: 3-dimethyl-2: 3-diphenylbutane (2 mg., 
0-02% Phis was not quite pure, having m. p. 111—113° and mixed m. p. 112-—114' 


and Turner, /., 1950, 1975 
and Turner, /., 1953, 861 
lz, J. Amer. Chem. Soi 


1606 yce-Smith Organometalli 


supernatant liqi 


\fter tr nen with water he 
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18° and lithium hyd 5 (4 This last 
nposition of n-butyl-lithiur | i tion, a colourle 
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» induction period was 4 min 
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10 min. to m-butyl-lithium (0-0376 mole) in tsopr pylbenzene (36 g There 


‘ 


tate of lithium iodide and the mildly exothermic reaction was 91% con 
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were obtained, together with liquid 


4 19 2 (11) 255 280 
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tom y molecule (Found , 89-75 
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jutyl iodide (7-8 25 mole), adde ring 3 nin n-butyl 


pylbenzene (39 5 , after a further 2} hr 2: 3-dimet} 


t-tithtum at 95 
butyl-lithium (0-039 mole 
exothermic reaction Unexpectedly 
{f little more than half of the halide 
tions of the ‘rnatant liquid and the stirred 
ifter a further 18 
cetone * on 
butyl-lithium 
formed After 


together 


i i 
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ng storage. Kecrystallisation gave 3-diphenylbutane (0-050 g., 


n n-butyl-lithium with todine dine (5-2 g., 0-0205 mole) 
30 min. from a gas-tight hopper to 
t 60 Che colourless produc t was 


n-butvl-lithium (0-0405 mole) in isopropyl! 
kept at this temperature for a further 18 hr 
ve a fraction, b. p. 125-145", which 


ration from lithium iodide, fractional distillation gay 
o contain n-butyl iodide by the formation of n-butylthiuronium picrate (0-5 g.), 


xed m. p. 176—177°. Addition of methanol containing a little ethanol to the 
| 
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phenylbutane (0-5 g., 10% Cf, experiment 


160° gave 2: 3-dimethyl-2 : 3-diy 


f n-butyl-lithium with n-butyl bromide in benzene. n-Butyl bromide (5-35 g 
added in 30 min. to a refluxing solution of m-butyl-lithium (0-0376 mole) in 
The mixture was heated under reflux for a further 6 hr., cooled, and treated 
tional distillation of the dried organic layer gave fractions with the following 


110 175° (0-3 g@.), (ii) 175 185° (O-l ge lan oily residue 


nfrared spectra of (1 ili) closely resembled th [ im of pure n-butylbenzene 


i 
by Mr. R. J. D. Smith), except that the overall 
n-butylbenzene was present in admixture with materi 


Control experiment h I as little as 10% of 


transmissions were greater I his 


| relatively transparent 


examined (4—15 p 
mixture would have been detecte 
2 g., 28%) and butene (0-5 g., 12%) were 
sate the possibility that n-butylbenzene 
and benzene, a solution of m-butyl]-lithiun 5 mol n benzene (50 ml.) wa 
reflux for 7 days. The gas evolved (2:3 zg.) w mixture of butane (16%) and 
No trace of n-butylbenzene was deter he 
art \ 16 


ction between 


im 
* main reaction was evidently 


omposition which did not involve the 
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ent results are summarised in the 


of products from the reaction 
and alkali-metal ai 
Metal reagent Temp " Dicumyl”’ * 
19 
17 


liphe nyibutane 


that the production of 
nd that they 


ictio! indicates that free butyl radical! I ormed, a 
lrogen from the solvent as follows 


wHy + C,HyCHMe, 
2C,H,-CMe,: 


series, n-butyl radicals whi is of (a) di-n 
to react with 


Ww 
a mixture of n-butyl iodide V 
the above manner More hown that the 
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the alkyl halides react with tsopropylbenzene under the conditions of the present 


ilar attention may be drawn to the following points. (a) The yields of 2 : 3-di 


,: 3-diphenylbutane from the reactions between alkali metals and n-buty] iodide 


neth 3-diy 
nder corresponding conditions decreased in the order lithium > sodium > potassium. 
h) With sodium, a little 2 : 3-dimethyl-2 : 3 diphenylbutane was formed at 130°, but none 
t 25 (c) The reaction between n-butyl iodide and lithium at 95° gave a yield of 2 : 3-di 
meth  : 3-diphenylbutane per n-butyl group only slightly greater than that from the 

reaction between n-butyl iodide and n-butyl-lithium d) The reaction 


between n-butyl-lithium (2 mol.) and iodine (1 mol.) gave a yield of 2: 3-dimethy! 
identical with that from the corre 


2: 3-diphenylbutane per n-butyl group almost 
ling reaction between equimolecular proportions of m-butyl-lithium and n-buty! 


pons 
On the assumption (which is further discussed below) that, at a particular temperatur 
the yields of 2; 3-dimethyl-2 : 3-diphenylbutane from the present reactions are related to 
the 1 bers of free n-butyl radicals which are formed, it is concluded from (a) that the 
order lithium > sodium potassium is the order of decreasing tendency to produce these 
idical rom (c) it is evident that the free radicals formed in the “ lithinm-Wurtz ” 
reaction are very largely derived from a new type of homolytic reaction between alky] 
lithium compound and alkyl halide, rather than from a direct reaction between lithium and 
Ikyl halide his is a point of difference between Wurtz-type reactions in solution and 
1 and may be due to the fact that Wurtz reaction 


he corresponding gas-phase reactions 
ve bulk metal, whereas the gas-phase reactions involve free 
ure and relatively high temperature where the possibility of capture 


metal atoms under 


tior ot low pre 

i iree a | radical by a metal atom is much les: However, in the pre ent reaction 
th » t iodide, the fact that lithium appeared to give a slightly higher yield of 
3-d thyl-2 : 3-diphenylbutane than did n-butyl-lithium may indicate that a few 
addit free n-butyl radicals were formed in the former case by a direct reaction 
between the halide and the metal; but the difference in yields is too small to justify 
1 definite conclusion. Identical yields of octane were obtained from these two 

exper 

Ivy /), it appears that the initial reaction between n-butyl-lithium and iodine 1 
n-C Hy! 1, —» n-C,Hgl Lil. m-Butyl iodide may then react with a further mol. of 
n-butyl-lithiu to produce free n-butyl radicals and other products The hypo 
thet l reaction, mC HL 41, —m n-C, Hg: + Lil, seems not to occur under the present 
In t Wurtz reactions with sodium or potassium at 130°, analogy with the lithium 
ts that the very limited formation of free radicals arises from a homolyti 
wt between alkyl-sodium or -potassium compound and alky! halide The mechanism 
tested because alkyl-sodium and -potassium compounds are thermally 
table at 130° and would also rapidly metallate tsopropylbenzene [hese difficulties are 
rtant at 25°, at which n-butyl iodide and sodium gave no indication of the 
format of free radical: rhe production of a trace of 2 : 3-dimethyl-2 : 3-diphenylbutane 
from a reaction between n-butyl iodide and n-butylsodium in isopropylbenzene at 25° wa 
therefor «pected The anomaly may possibly arise from the unavoidable presence of 
ercur the reaction mixture, and the result does not seriously affect the conclusion that 
O Si ficant numbers of free n-butyl radicals were formed during the reactions betwee 
n-but « and sodium at 25 The blue colour of the reaction mixture at 25° wa 
rapid] irged at 130°, but there was no detectable liberation of free radicals during thi 
proc lhe colour may result from lattice defects in the sodium iodide crystals, possibly 
ti vith a stoicheiometric excess of sodium atoms, although its temperatur: 


tability was rather lower than exper ted.?! 
where measurement was made, more butane than butene was formed, 
3-dimethyl-2 : 3-diphenylbutane 


tow nd Bupp, Phys. Rev., 195 


the case 


of butane exceeded the yields of 2 
Willian Natur 1955, 175, 1043 cott. Hr 


30th 


1956 | Compounds of the Alkali Metals. Part VI. 1609 


the disproportionation of free n-butyl radicals and a heterolytic elimination reaction 
between butyl halide and metal butyl should produce butane and butene in equal 
amounts rhe observed preponderance of butane is superficially in accord with the 
belief that free butyl radicals abstract hydrogen from the solvent, but the probability 
of side reactions, ¢.g., n-CyHgLi 4+ CHy°CHyCH:CH, —® n-C, Hy, + CHyCHLirCH‘CH,, 
and mn-C,H,Li —» n-C,H, + LiH, blurs the ignificance of the butane: butene 
ratios 

[t is next necessary to consider the quantitative significance of the yields of 2 : 3-di 
nethyl-2 : 3-diphenylbutane. First, it may be concluded from Kharasch, McBay, and 
Urry’s results™ that the dimerisation of aa-dimethylbenzyl radicals can occur almost 
quantitatively, These radicals have little or no tendency to disproportionate. Some 
combination of n-butyl and aa-dimethylbenzyl radicals to give 2-methyl-2-phenylhexane 
may have occurred under the present conditions; but this hydrocarbon would also 
have resulted from a reaction between n-butyl halide and «-metallated tsopropy!l 
benzene 

A further question is whether the butyl radicals reacted with the solvent to produce 
an equal number of aa-dimethylbenzyl radicals. Two factors are important here: (a) the 
extent to which free butyl radicals dimerise and disproportionate under the present 
conditions, and (6) the possibility of a “‘ cage effect '’ following the reaction, BuM + BuX 
—e 2bur + MX (M = Li, Na, or K; X = Cl, Br or I) 

Considering, first, under (a) those butyl radicals which were truly “ free "’ in that they 
had escaped from any solvent cage, it is probable that at least 50°/, of them abstracted 
hydrogen from the solvent. This seems to follow from a result described in Part V *® 
where the photolysis of di-n-butylmercury in isopropylbenzene gave a 47%, yield of 
2 : 3-dimethyl-2 : 3-diphenylbutane and 2% of octane, together with unidentified 
material 

[he importance of a “ cage effect "’ is less easy to asse The above considerations 
uggest that even the highest yields, ca. 20°, of 2: 3-dimethyl-2 : 3-diphenylbutane 
correspond to the appearance of only ca. 40°% of the butyl groups in the reagents as free 
butyl radicals. From the form of the reactions, it seems highly probable that butyl 
radicals are liberated in pairs: and if this is so, at the instant when such a pair is liberated 
by (say) the interaction of n-butyl bromide and »-butyl-lithium, the local concentration of 
n-buty! radicals must be greater than the mean concentration over the solution as a whole 
Primary dimerisation and primary disproportionation will then be favoured until the 
radicals have diffused well apart, t.e., have become truly “‘ free,’ or have reacted with the 
olvent. However, the possibility that a“ cage effect '’ operates to produce the bulk of the 
usual products of Wurtz reactions is excluded with reasonable certainty because in 
disproportionation reactions between an alkylsodium compound KNa and an alkyl halide 
R’X, the greater part of the saturated hydrocarbon is derived from R, and the 
unsaturated hydrocarbon from R’.*.1 Also, there seems to be no obvious reason 


why radical hould be so much more effectively “‘ caged in the reactions of alky!] 


halides with RNa or RK compounds than in the corresponding reactions with RLi 
compound 


n-C,H,l 2M 


4 
C,H M n-C,H,l 


n-C,H,M + MI 
2n-C Hy + MI 
n-C,H,, (primary 
2n-C,H,° 


n-C,Hj_ + Radical 


n-CyH,, + MI (heter 


> 
- 
WT 
“am n-C Hy } primal d secondar lisproportionation 
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> 
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onsiderations lead the writer to conclude that, in the Wurtz reactions which have 
tudied, the usual coupling and disproportionation products are formed mainly 
ytic reactions between metal alkyl and alkyl halide, and that the homolyti 
h which these compete is only appreciable in extent when lithium is used 
of the Wurtz reaction is expressed, for n-butyl! iodide, in the equations (1)—(6) 
‘a or K) 
nor side reactions can include : (7) n-C,H,M —® »-C,H, MH; metallation 
om reactions (3), (6), and (7) by m-C,H,M; and attack on the solvent b 


g and disproportionation reactions between alkali-metal alkyls and alkyl halide 
widely investigated.“ The results have been interpreted in terms of heterolyti 
which the rate-determining step may vary from case to case: %* 
of prior co-ordination between alkali-metal cation and halogen ha 
d Ihe possibility of a homolytic mechanism has been discussed by Morton an 

without direct experimental evidence* rhe present results partially accord with 
radical pair ‘ hypothesis t 
1 of competing homolytic and heterolytic reactions between two mole 
he same environment implies that the corresponding transition state 
comparable energi¢ Ihe orientation of any two molecules at 
ion may, in part, decide which reaction path is followed. One might expect 
would be most readily produced in straight-line collisions, ¢ 
-<-lir-K, where interaction between the alkyl groups is at a minimum. Also 
between metal and halogen might be a preliminary to homolysis of 
R-—Br bond rhe induction period before precipitation of lithium halide 1 
int in connection with the last suggestion 


reactions between lithium or alkyl-lithium compounds and alkyl halides may hav: 


practical value as sources of free alkyl radicals in solutio1 They have the merit of 
g only one radical species at a time Thus, when n-butyl radica 
nzene from n-butyl bromide and n-butyl-lithium, the main products appeared to be 


1 


were generated 1 
i 
itic hydrocarbons which could not be separated; but infrared data indicated that 
itylbenzene was formed. No diphenyl was detected Ihe absence of solvent 
here not surprising in view of the relatively low reactivity of benzene towards ma 
[t is also evident that n-butyl radicals add to benzene much less readily thar 
radical 
ent investigations are being extended to the Fittig reaction, and to the u 
ice Group | 
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319. Fatty Acids. Part I1V.* The Preparation of Eight 
9:10:12: 13-T'etrahydrorystearic Acids. 
By K. E. BHart 
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known to occur in quantity among the component acids of Vernonia anthelmintica ™ (74%) 
and Cephalocroton cordofanus ** (66°) seed oils. One isomer (X), m. p. 54°, resulted when 
the epoxy-acid was treated with acetic acid and then with alkali. This has been proved to be 
a 12: 13-dihydroxyoleic acid '* and was considered to be the threo-form since on hydro 
genation it afforded a 12: 13-dihydroxystearic acid (m. p. 95—96°) of similar m. p. 
(96-5—97°) to that of the known racemic threo-compound '’ and very different from that of 
the racemic erythro-isomer 17 (119——120°). We now find, however, that the unsaturated 
dihydroxy-acid is optically active (see Table 2) and, presumably, the saturated acid also, 
R’ RY R’ 


€ OH 7 >—OH HO 
| 


C—OH OH HO—C 


H—C—H_ —R’ = *[CH,],"CO,H 


HO—C—H = R = CH, {CH,], 


erythro-9 : 10-threo-12 


R 


P a 
threo-9 : |0-erythro-12 threo-9 : |\O-threo- 12:13 


despite the low observed rotation; the identity of melting point between the racems« 


threo- and our dihvdroxvoleic acid is thus inade quate proof of the threo-configuration of the 


latter and we now offer independent proof of this by the partial synthesis frem it of octadec- 
trans-12-enoic acid. 

Ihe dihydroxyoleic acid (X), when converted into the dibromide by Bowman's 
procedure }* and subsequently debrominated, gave octadec-trans-12-enoic acid. This is 
quite certain since the melting point of this acid and of the two dihydroxystearic acids 
obtained trom it agree with those expected of the trans-acid ince the bromination 
occurs with inversion and debromination is a trans-elimination the dihydroxy-compound 


* Hazura, Monatsh., 1887, 8, 147; 1888, 9, 180 
RKollett, Z. physiol. chem., 1909, 62, 410 
» Meyer and Beer, Monatsh., 1912, 33, 311 
Nicolet and Cox, /. Amer. Chem. Soc., 1922, 44, 144 
smith and Chibnall, Biochem. J., 1932, 26, 218 
* Green and Hilditch, ibid., 1935, 29, 1552. 
Birosel, |. Amer. Chem. Soc., 1937, 69, 689 
Kass and Burr, ibid., 1939, 6], 1062 
Riemenschneider, Wheeler, and Sando, /. Biol. Chem., 1939, 127, 391 
* Hilditch and Jasperson, J]. Soc. Chem. Ind., 1939, 58, 233 
'§ McKay and Bader, J]. Org. Chem., 1948, 13, 75 
McKay, Levitin, and Jones, /. Amer. Chem. Soc., 19 . 
(a) Gunstone, /., 1954, 1611; (6) Bharucha and Gunstone od Agvic., 1955, 6, 373 
haru 1 and Gunstone unpublished observation 
fuber, /. Amer. Chem oc., 1951, 73, 2730 
\mes and Khowman ] , 1951, 1079 
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‘ threo erythro threo 
CH(OH)-CH(OH)-CH,*CH(OH)-CH(OH) CH(OH)*CH(OH)-CH,*CH(OH)-CH(OH) 


4 A 


©) 

cis 
CH CH’CH,’CH:CH H-CO,H 

13 12 i 0 9 

, IX 
4 4 
H(OH)-CH(OH)-CH,’CH:'CH CH(OH)-CH(OH)-CH,-CH:CH 

KMnO, KMnO, 


Y Y 


thre erythr erythe erythre 
CH(OH)CH(OH)CHyCH(OH)-CH(OH) CH(OH)’CH(OH)'CH,-CH(OH)-CH(OH) 
' ry] 
et ] ' 
al lon il ) ! 
wccompanied 


HBr-AcOH erythro 
CH(OH)-CH(OH) CHBr-CHBr 
H,SO, 


aration of erythro-12 : 13-dihydroxvoleic acid fro 
ence involving no inversion or an even number of inversion Thi 
by adaptation of some work of Winstein and Buckles !® who, in investigation 
iring-group participation in replacement reactior howed that interactio 
cetate In dry acetic acid with several acetoxy-bromides proceeds with pre 
retention of configuration, but that the presence of water in the solvent cat 


occur to an increasing extent, almost complete inversion taking place 


t of water | present We converted the ct epoxide into the thre 


vhich after acetylation gave the erythro-monoacetate (XIV) by reactio 


threo Ac,O thre: 
CH(OH)-CHBr a CH(OAc)-CHBr 
ALI XII 
AgOAc erythro erythro 
pe —CH(OAc)-CH(OH) CH(OH)-CH(OH) 
aq. AcOH 
XIV XI 


wet acetic aci ind tl on hydrolysis aftor I ured erythro-gl 
high overall yield of glycol resulting from this four pre (78%, 
vhich also invol\ in the final stage removal of th ther acids originall 
the oil—and the ease with which the glycol is obtained are evidence 
pecificity of these reaction We have simplified the procedure of Winstei 
reducing the reaction period with silv from 8 to 2 hours and bi 
action with silver trate in wet alcohol (cf. Bevan, Malkin, and Smith *° 
crystalline solid ith p. (85 greater thi 
1 nation gave er 
120°) previou 
that our compound 
or its unsaturated 


dihydroxy-ac! 


ir the optical act! 


nark that optical , ! long-chain compound 
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frequently so small that it cannot be measured and in sent instance this difficulty 
was sometin increased by low solubilities (Baer and Fischer *! showed that certain tri 
erides which should be optically active lack observable rotatory power but are optically 
ive when one or more of the usual aliphatic acyl groups is replaced by an aromatic 
acyl grouy i poxyoleic acid contains two asymmetric centres and the naturally occurring 


acid may be expected to be an enantiomorphic form and indeed must be if it is to give rise 


to optically active derivatives. We have now observed a small dextrorotation with 


Cephalocroton cordofanus seed oil. Consideration of the reaction mechanisn 


the preparation of the erythro-dihydroxyoleic acid suggests that an opti ally active epoxide 
the active epoxide will 


involved in 


hould give an active glycol (see scheme). On the other hand 
ve an active threo-glycol only if the conjugate acid (XV) is attacked unequally at ‘ 12) 
Hy and Cas) by the acetate ior an attack equally distributed 
O between these two centres would give a racemic glycol. Although 
CH—CH-CH,-CH:CH the specific rotation of these two acids is fairly small the observed 
13 21 10 9 rotations are definite (see Table 2 Ihe values for the corre 

sponding saturated acids are less definite, but as hydrogenation 


affect the active centres racemisation would not be « xpected to occur; further 


of the saturated erythro-isomet differs appreciably from that of the racemx 


) dihydroxyoleic acids have been oxidised with dilute alkaline potassium perman 
with performic acid. In each case the product is a mixture which has been 
in extensive series of crystallisation orme eneral comments are made 


ing the result 


‘ 
CHYyCHICH ICH 
‘ t “a 


the performic acid oxidation of threo-dihydroxyoleic acid the main product 
v-melting, ether-soluble compound which a panied the desired tetrahydroxy 
product (m. p.s 77:°5--78 


[wo individual compounds were isolated { ; 
other 


but these were not identified. Similar pr rT har wen isolated by 
vestigators,® 4 whilst Paul and Tchelitcheff™ ha reported th ran compounds art 
formed in the hydrolysis of 1 : 2: 4: 5-diepoxypentans f ind little or none of thes« 

produc ts when we oxidised diacetoxyoleic acid and t our standard procedure 
li) The separation of the two products obt ch reaction involves many 
itions. The higher-melting isomer bei: ( luble is generally the more 
olated; purification of the lower-meltir er ¥ mot ifficult and we are 
t of the homogeneity of the latte products were 


tant melting point 
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McKay and his colleagues report that the two tetrahydroxy-acids are more 
easily separated as their methyl! esters and in some cases we have checked our results by 
eparation of both acids and esters with subsequent hydrolysis of the separated esters. 

iv) We emphasise the purity of our starting materials. Both 12: 13-dihydroxyoleic 

are crystalline solids, readily purified and available in quantity from the sources 
mentioned. This is in contrast to much of the previous work on this problem 

which has been undertaken with impure starting material Many investigators have 
ised a concentrate of linoleic acid obtained from a suitable source and containing 
ippreciable quantities of oleic acid. Alternatively, linoleic acid has been prepared by 
debromination of tetrabromostearic acid and is known then to contain small quantities 
if conjugated isomers and larger quantities of goemetrical isomers of linoleic acid. In 
cither case the desired product is contaminated with closely related compounds. McKay 
uid Bader used threo- and erythro-9 : 10-dihydroxyoctadec-12-enoic acid, prepared from 
oleic acid by partial bromination at the 12 : 13-positions, oxidation of the 9 : 10-double 
nd by permanganate or per-acid, and subsequent debromination. We consider these 
acids, isomeric with our dihydroxyoleic acids, should be solid, though McKay and Bader 
obtained only the erythro-isomer as a solid. Although their oily threo-compound was 
senated to threo-9 : 10-dihydroxystearic acid we consider it unlikely that it was pure 

Details of the oxidations are given in the Experimental section and the results are 
ummarised in Tables 2 and 3. The high yield from the performic acid oxidation is in 


wecordal with that usually obtained with monoethenoid compounds and is greater 


rABLE 3. 9 ‘: 12: 13-Tetrahydroxystearic acids 


threo: erythro-9 : 10 threo-¥ : 10 evythro-9 : 10 
threo-12: 1k threo-12 : 13 erythro-12 :13 evythro-12 : 13 
VII, VIII) (III, IV) V, VI (I, I! 


hy 


1565 1295 176°5 

157 131 177° 

62:1 61-9 62-2 

10-6 10-6 10-4 
144°5 113-5 170°5 143 
145-2 115 

62-8 63-0 

10-6 


145 
118 


n the total theoretical yield 
quires 63-0: H., 10-6 
avy type differ appreciably from those quoted for the racemux compound 


than in the oxidation of linoleic acid.™ The yields of separated tetrahydroxy-acids are 
much higher than those reported by McKay and Bader.” 

We consider our products to be optically active for three reasons. The starting 
naterials are active and it is believed that oxidation will not affect the asymmetric centre 
resent; thus, the 9: 10: 12-trihydroxystearic acids obtained by oxidation of ricinolex 
icid are optically active.*® Several, though not all, of our tetrahydroxystearic acid 
how significant optical rotation (this refers to the observed rotation rather than to the 


ilculated values of specific rotation). In some cases there is a marked difference in m. p 


between the active and the inactive forms (see Table 3) he last may not be very strong 
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in all the instances cited since we co ilues quoted by McKay 
high-melting 


lor 
cle 


{| Bader to be unsatisfactory, but one case 


' t 


an larly strong, v1 the 
form of methyl erythro-9 : 10-erythro-12 
McKay’s value of 157° for the racemate whilst our 
In view of the frequency with which the m. | 
emble one another it is interesting to relate our results to some conclusions by 
1 Burr ?° which have been questioned McKa nd Bader.™ Kass and Bur 
ained, from elaidinised linoleic acid, linelaidic acid and a liquid isomer considered to be 
cis-12-acid from which they prepared two (m. p 
156-—158"°, 126 27°) by oxidation with dilute alkaline 
threo-9 : 10-erythro-12 : 13-acids. McKay and Bader 
these acids (these were prepared from the liguid dihydrox yoctadecenote acid and the higher 
nelting acid did not depress the m p. of the higher-meltu form of the erythro-9 : 10 
13-acid though the two are reported to have different crystalline properties) and 
10-threo-12 : 13-acids (m. p 


and Burr’s products are the 
% fran On the 


13-tetr hydroxystearate We have confirmed 
p 171 


of active and inactive compounds of thi 


) 


tetrahydroxystearic acids 
permanganate, presumably the 


however, report 164° and 142° for 


the tran v 


threo-12 
onsider that Ka 
164°, 126°) which would be derived from the e1 
other our results (156°, 130°) suggest that Ka 


t, but since our products are enantiomorphic and theirs racemic this 1 


ervihro-9 
1? (nt tade« idieno. if id 
and Burr’s original view may be 
snot certain 


corres 


EXPERIMENTAI 
threo 13-Dihydroxyoletc Acid (X) his was isolate I i anthelmintica or 
1 1 ydofanus seed oil by treatment with i acid } (11) aleoholic alkali as 
ly described.“¢ The dihydroxy-acid (m. p. 52-8 : ( epoxy-acid 
crystallisation from ether-light petroleum ry 1:1) and 


/ Di 
previ su 
present) was isolated by 
then from ethyl acetate 

Partial Synthesis of Octadec-trans-12-enoic Acid threo-12 13-Dihydroxystearic ac 
was kept at room temperature for 16 h1 
(50 ml.; d 1-25) and concentrated sulphuric aci 


| ba 


tion of hydrogen bromide in acetic 

and then heated to 100° for & hr., 
The solution was then cooled, 
dibromtide 


(52 with ; Olu 
d (5 ml 
ifter 4 hi 


m (Db. p 


acia 
further hydrogen bromide reagent (5 ml.) being added 
diluted with water, and extracted with light petroleu 60-—80°) rhe erude 
(6-73 g., 97%) was purified by crystallisation from light petroleum (b. p. 40-—-60°) (5-13 g., 74 
m. p. 47-5—48-5° (Found: C, 49-0; H, 7-4: Br, 36-4 Ciglls,0, Br, requires ©, 48-0; H, 7-75; 
Br, 36-1 

acid (4-0 g.) was added to a mi f zinc dust (8-7 g.), methanol 
0 mil vyhich 


Che filtered solution was extracted 
| only 0-07 g. of material, 


Ihe dibromostearic 
had been refluxed for 6 


ml.), and aqueous hydrogen bromide (50°, 


| the whole boiled for | hr. in a nitrogen atmosphere 


ana 
the extract, after being washed with alkali, containe: 
The alkaline solution when 


ox rred rh 
e the crude trans-acid (1-66 g., 65 vhich after several crystallisations from 
63° (lit.,? 5% 76:6; H, 12-1 Cal 


with ether 
acidified 


it practically no esterification had 


ted Pay 
methar nd acetone had m. p 
for Cy ghia, C, 76-5: H, 12-1%) 
This was converted into threo-12 : 13-dihydroxy uric a 
by dilute alkaline permanganate and into the erythro-isomer, m 
by performic acid (Found: C, 681; H, 11-5. Calc. for C,,H,,0, 
erythro-12 : 13-Dihydroxyoleic Acid (X]1) Cephalocroton ydofanus seed oil 
‘pt overnight in ether (1-5 1.) saturated with hydr 
hed with water and dried, and the solvent rem 
wetylated by boiling acetic anhydride (300 ml or 3 hr. and 
nl.) for a further 30 min., the product (64 g.) beu isolated by 
ow addition of a solution of potassium acetate (20-8 g 
32-8 g. in 75 ml. of water) and | ibsequent washing of the precipitate 
acetic acid) was added 
vater (3-3 n 


11s 
65-3 


bromide, and the solution wi then 
ulting bromohydrin (62 g.) 


water 


lhe res 
then heated with 
ether-extraction ilver 
prepared by sl in 75 ml. of water 
of silver nitrate 
water and then with 


acetic acid (325 ml.) containing a little 
vith water and extracted with ether, and the 


Ihe residue (54 ¢ VAS 


oO the oily acetoxy-bromide (59 g 


ind refluxed for 8 hr After 


reaction mixture was diluted 
i the extract after it had been washed 


] 
le (1-51 id 


Ow 


nd dried 
potassium hydrox the mixed aciul 5 
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and then crystallised from ether 


poxy-acid originally present 


overall yield based on ey 


i 
tallisation (m. p. 87—88°) (Found; C, 68-5; H, 10-8 


at 
1, 10-9%) 

n proceeded equally smoothly with V. anthelmintica seed oil and we four 

of heating with silver acetate could be reduced to ‘ V increase in yield 

that a similar reaction occurred (45%, in a single exy rent) when the acet 


for | hr. with its own weight of 


were prepared by standard pri 7 l ,m. p. 56 
’ > if 
soldggO, requires ¢ 9-5 
CapH a0, requires C, 70-1 ; bromophena 
61-1 76; Br, 15-8 . Br requires C, 61:1; H 


, palladium-—charcoal the erythro-dihydroxyoleic acid (100 mg 
rysteavic acid (90 mg.), m. p. 125-—-126° raised only to 125-5—126-5 
from ethanol and from ethy ate (Found C, 68-3; H, 11-3 
H, 11-5 Che following « were prepared: methyl 
H, 11-6. CygHgsO, require 69-1: H, 11-6 : ethy 
11-5. CagH gO, requires C, 69-7; H, 11-7 
60-6; H, & 1; Br, 15-5. , , Br require 
iganate in aceti 
ive hexanoic acid (0-59 g.) (p-bromo 
63--64° when mixed with the ester of heptanoic acid), and 
mixed m. p. 105 106 
ydro tearic acid (1-01 g similarly t ( ifforded hexanox 


phenacy! ester, m. p. and mixed m 71-5-—72 62—-63° when mixed 


' 
ic acid ind dodecanedioic acid (0-23 g nd mixed m p 129 L131 
mixed with gebacic acid 
10-threo-12 : 13-7 etrvahydroxystearic Acids (III, IV threo-12 : 13-Dihydr 
xidised with dilute alkaline permanganate (potassium permanganate, 5-5 
the procedure of Lapworth and Mottram,” gave cr 
oluble in light petroleum (| 10 60 
arated by utilising the lower solubility of the 
7 m¢ after cr isi n from ethanol, melte 
Ihe low melti ome! after repe 
finally acetone, melted at 111 
1-7 g was methylated (n 
concentration 
Che mother-liqu 
id melting 
12: 13-letra/ 
1 for 4 hr vith acetic anhydride [| ind 1 i further 
50 mil " the product (7-23 g.) wa oO Lb her-extractj 
acid ce be reco’ in good \ d after al ine hydroly 
AIUISseu vith orm af 1d Us 
rocedure,™ gave a mixture of the di-th 
vas insoluble in ether This was extract 
ts deposited, at room temperature, mater 2 ms I 144—-146 
147°5 148-5° by several crystallisation rol i on ind from thyl 
wo extracts gave crystal (2-12 g.) of m Pp ye ‘ d to 121 122 
rystallisation from acetone and from ethy! 
lroxyoleic acid (5 g.) was similarly oxidised withou rior acetylati 
1-6 2.) gave a large ether-soluble fraction (2:53 g n : 68 
vere isolated by fractional crystallisation n. | ] 78-5° (found 
Hi, 10 al | { Found 
96 


SJ 
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12: 13-Tetrahydrox, 13-Dihydrox 
in water (300 ml.) ce 
and then oxidised at 10° with 

olution was decolorised 
acids (2-04 g.) of which 


ethanol and that part wi! 
ns with ethyl acetate a oluble 
aqueou ethanol, m. p l ester } 
with sample described bel 


I 
ethanol mother-liquors and fre 
tate 


low-melting actd 
1 acetone extract 


tallisations from ethyl ace yform-—aceti 


ethanol did not raise the m | 


150° on admixture 


Che product in meth 
m p 159 165 and 
to 169—171° (1:50 g 


ranged when the « 


methyl ester of the hi 
McKay et al.™ 
12: 13-Tetvahydroxyste 
acetylated and the product (6-2 
irt (5-02 g.) of the produ 


13-Dihydroxy 


la ilre i 


I 
og extracted with a 


In oluble fraction (574 m 
ym ethanol and re 
1 


trated from 


rystalli 


vere esterified with cold me 
titer 


rave crystals of ester (792 m 
acetone, ethyl acetate, and 
p 155-5—157 methanol 
(1-63 g.) of the 
methanol to m 
ind mixed m. p. 130 


ror 
Pom 


4} 
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320. Intermediates for the Synthesis of Optically Active 
Methyl-substituted Long-chain Acids. Part 1. 


BretTTLe and N. PoLcal 

L)-(-4-)-6-Methoxy-3-methylhexanoic acid * has been prepared from L 
methyl hydrogen §-methylglutarate) by anodic 

(+-)~y-Methoxy-a-methylbutyric acid was obtained 


ydroxide 


coupling with 6 
methoxypropionic acid 
by resolution of the racemic acid with cinchonidine methoh 
yntheses of my« olipeni 
turned our 
ible 


fo! 


rue present work was initiated in connection with studies in the 
(1) and mycoceranic acid (II).4_ Concurrently with other approaches we 
attention to methyl-substituted carboxylic acids with a terminal ether grouping as po 

termediates for these syntheses, with a view to utilising one of the functional group 
iting, in the correct configuration, the terminal structuré 
ind the other functional group for attaching the requisite long carbon chain 


of the naturally occurring 


SOmé 


Af 


preliminary work which included the preparations of D-(-+-)-6-methoxy-3-methylhexanoi 


)~y-methoxy-a-methylbutyric acid is now placed on record 
CH,:[CH,),,"CHMe-CH,-CHMe-CH,CHMe-CO,H 
I] 


ind ( 
CH,-{CH,), ,CHMe-CH,-CHMe-CH:CMe-CO,H 


Initial atte mpts to re lve a-methyl 4 phi noxybutyric acid * met with no succes We 


ext converted the foregoing acid by a Bouveault—Blanc reduction of its ethyl ester into 
4-phenoxybutan-l-ol but, after an unsuccessful attempt to resolve the corre 

‘ hydrogen phthalate, this approach was not pursued further 
hen turned to the use of L-(+-)-(methyl hydrogen 6-methylglutarate).* 4 
coupling of the latter with #-methoxypropionic acid, readily obtainable from 
acrylonitrile and methanol,® furnished methyl D(--)-6-methoxy-3-methy] 
hexanoate (III; R Me) (the change of the prefix L to D is due to alteration 
of the reference group *), gave the corresponding acid 


(III; R H), falp +6°1° 
together with the numerou tage 
active starting material, did not encourage further work along these line 
rherefore, we examined the resolution of y-methoxy-a-methylbutyric acid, 
sible by a malonic ester synthesis from 2-methoxyethyl bromide and 
thyl methylmalonate (cf. ref. 6). In attempts to crystallise the cinchonidine or cinchonin¢ 
alt of the butyric acid the free bases separated from the solutions; hence we turned to the 
quaternary ammonium hydroxides obtainable from the natural bases as resolving agents 
Resolution of the acid was readily accomplished with cinchonidine metho 
12-2”: cinchonidine methohydroxide for 
prepared via the methiodide 


Anodi 


which on hydrolysi 
However, the low yield of the mixed electrolysis, 
required for obtaining the optically 


easily acct 


' ; | "7 
| tl i) 

le, affording the (--)-enantiomer, |a|p 
previous record wa 


there appears to be no 
methohydroxide 7 are 


with quinine and it 


IE XPERIMENTAI 


Optical rotations were measured in a 0-5-dm, tube ytherwise stated 
rhis was prepared, as cribed by Bentley, Haworth 


ynthesis from 2-phenoxyethy! 
lissolving equimolecul 


bromide and ethyl methy! 
amounts of the acid ar 
strychnine salt, obtained from chloroforn 


tal, (J., 1950, 3333 


l--y-phenoxybutyric Acid 
* by a malonic ester 
he brucine salt, prepared by « 


ethanol, did not crystallise When the 


in 


nbols D and L are used in the sense defined by Linstead 
/., 1954, 1008, 1011; Marks and Polgar, /., 1955, 3851 
Haworth, and Perkin, /., 1896, 68, 171 

itenhagen, Arkiv Kemi, Mineralog. Geol., 1947, 25 
Lunt, and Weedon, /., 1950, 3333 

r 
1) 


and Pugh, / 1945, 535 
Acta, 1944, 27, 531 
1941, 63, 1368 


Zalan, Helv. Chim 
i binkelstein, / lmer. Chem ry 


ral 


ilso re ported in the Experimental 


hin 
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viscous oi (9-7 g.) (Found: C, 73-1 H, 89. ¢ 
a-naphthylurethane crystallised from light petroleum 100-120 
Found C, 75-8 H, 63; N, 41] Cy,H,,O0,N requi Bi H, 
hydros 


ived in hot methanol and the tion cooled, crystals were deposited which 


mainly strychnine I'he cinchonidine salt also gave the free base on attempted crystallis 
from aqueous methanol or acetone. 

Methyl-4-phenoxybutan-1-ol Ethyl «-methy! xybutyrate (22-2 ¢ obtained from 
regoing acid by means of ethanolic sulphuric acid) w 


j 
i 


as reduced with sodium (12 g.) and 
200 g.) (cf. ref. 8). 2-Methyl-4 phenoxybutan-1-ol, b. p. 160°/18 mm., was obtained as a 
. requires ©, 73-3; H, 80%) Lhe 
as white plates, m. p, 81 
6-6 N, +O) lhe 


OWS H, 


; ; 
hthalate had m. p. 55-—57° (Found ; requires ( 
ittempt to resolve it with brucine failed 


, : 


vypropiomc Actd.—MacGregor and Pug procedure ® was followed. Acrylo 
mol.), methanol (64 g., 1 mol.), and 2 aqueous sodium hydroxide were shaken 
as evolved (20 min The 
cia] acetic acid, dried (Na,SO,), and 
60 p. 164 vhen heated under reflux 


layer was then separated, neutralised 


Che resulting #-methoxypropionitrile 


centrated hydrochloric acid aftorded 
,b. p. 113-—114°/17 mm, (jor and Power ® give b. p. 126°/30 mm.) 
thylhexanoic Acid (III H ] Methyl | 


hyl ydroge 
32° (homogenous), was obta Lb tallberg-Stenh 
gested by Lins ’ ne tal 
xypropionic acid (10-4 g., 2 mol.) \ dded ti ) { methoxide 
d methanol (250 c.c.)}, and the 


plate cathodes (2 3 cm.) s¢ l em 


' 
cell containing 


! l ium plate inod 
he apparatus was kindly lent by | Ihe cell was cooled by 
e-bath and a current of about 2-3 am ‘ | ed until the 


olution became 
It was then neutralised with glacial etic a and evaporated ether 
idue, and, after the 

parated, dried (Mg and distilled hive 
fraction, b. p. 998—101°/14 mn 

was hydrolysed by refluxing it with a ition of pota 

20 c.c.) and ethanol (20 c.c.) for 3 hr. The solution was concentrated and extracted with 
remove non-acidi material Acidification of the 


5% aqueous sodium carbonate (50 c. ve vided 
been shaken, the ethereal layer was se 


the above scale were worked up together 


ium hydroxide (4 


h 


iqueous phase, followed by extraction 
listillation, gave, after rejection of a small fore-run, D )-6-methoxry-3-methyl 
149151 /12 mm., nf 1 4382, [a 6-14 , 51 in ether; 2, 1) (Found: ¢ 


C,H,,O, requires C, 60-0; H, 10-0 The S-benzylthiuronium salt had m. p 


hanol) (Found: C, 689; H, 8-2 Cy gly,O,N,5 requires C, 58-9; H 


of y Vethoxy-a-methylbutyric Acid An lution of cinchonidine metho 
as prepared by the following alternative procedures i) Methyl iodide (23-6 g., 


j 


added to cinchonidine (49 g., 1 mol.) and ethanol (50 c.« 


ind the mixture set aside 
crystallisation from hot water 


gave pale yellow needles of cinchonidine methiodide 
[his was shaken with freshly precipitated silver oxide (from 70 g. of silver nitrate) 
it O° for 15 min,, then at room temperature for 


, ire i further 3 hr The aqueous 
anted and filtered, and the filtrate centrifuged to remove colloidal silver 


muidine methiodide (30 g prepared vith freshly precipitated 
oride (from 10 g, of silver nitrate) and wv c.) for 2 hi the mixture was then 
filtered while hot Saturation of the « im chloride precipitated 
honidine methochloride which was reprecip d fi ltered solution in dry ethanol 

f ether After repetition of thi the resulting metho 
*n with silver oxide (from 12 g. « lve ite water (20 c.« 


then filtered and the filtrate set aside overnig! A. further filtration through 
paper gave a clear solution of the methoh 


} a above; 


lutions of cinchonidine metho] titration with 


id, phenolphthalein being used 


x-methyibutyric acid (45 2 t | "Te ’ nd Zalan 


‘ 
» P 


} Myues 
II, 104: 
Chem 
1031 


Ab or plion of 


i then e\ 


livadler and bru ale lhe Selective 


four ¢ from di 

100 3°06 in | 
m further ym posed 
ated acid DY I } i (on remov 

+’ 2°: 15-28 in Et,O 

followed by the ad 

mm decompo 
17°30 in kt 

ied Dy re 


obtained with [a4 
liquors from the above c1 
tion of the cinchonidine { 


( )-enantiomer (VU 


riments ti 
etome 


ne metho! I1FOXIG nin 
é methosalt 


line methos: 


for the cinchonidin 


irried out during the te 


Selective Ab orption of Optical Anti pode hy Protein 


Part 111.” 


; i 
it Ai 


im centre 


it wa hown that mandelic ac! i lLmany ot it 
ele tive ab ( rption ol 


question 


e of the optical ant 


in woo! by 
whether the number 


ilcoholic solutior 
occur 1 con ‘ i 


ads to the possibu 
acid The method of 


ibsorption of one of the 
ites that the number i . 
occupied by other, non-resolvabl 
ount and rotati f mandelic acid absorbe« 
| ! 


the extent to which the absorpt 


ation indi 
number of site 


to determine the am 
then to determine 


wa 
tandard condition 

re affected by the previous absorption of oth non 
allowed to react first with dilute aqu 


al 


as reduced, but the deg1 


( bound to pecilic sites in \ upport 
al of the sulphuric acid by repeated contact with v 
to combine with ar resolve mandeli 


OI aqueou alt 


riginal capacity ol the fibre 

a limited number of basic sites which are capable of bindi 
ns of mandeli 
t caused to take uy | } 


valu) 


1952 68 06 


Optical Antipodes by 


d then immersed in elic acid [he amount of 

bined and the degree of r I I el | ( absorbed azo 
effect increasing with the amou ( i compoun i The result 
w that the anions of 1-p-sulphopher 2-naphtl are bound at th 
yuld be occupied by mandelate I | t al ! f the azo-compound 
are oct upied by anions of the the mandeli acid l 
ively, possibly by hydrogen li n re Wool which i 
ulphophenylazo-2-naphthol (0-8 per l) com ; with, 


lve, mandelic acid 


i 
| 
} 
i 


icy, and Easty | have show! he] oxymandelic acid also con 


1s Te olved by wool We now fh | i when j viously combined 


phenylazo-2-naphthol the uptal ree of resolution of p-heptylox) 


both reduced; also that litt! , he combined azo-compound 
fibre by p heptyloxymar lelu il \ 1 f il the room 


also combines with 


with 5-(2 : 4-dinitroanili 
amount of m-nitroma 


too small to be re 


EXP! 
i kthyl } hydrox 
me (200 « , freshly ignited 
3 hr. the suspension was cooled and 
ymbined filtrates were evaporated LT} 
1°, aqueous sodium hydroxide (250 ig mv cooled, then 
«tracted with ether. ‘The dried f ext ts gave I ire p-etho 
tallisation from benzene afforded 13 g id, y. 130°, raised t 


taliisation from benzene | 4 ott gO", require 


acid, m. p. 117-118 
76%), and p-heptyloxy 
potlg,0, requires C, 67-7 
Acid 1) Sodium ¢ 
ymandelate (10 g.), decyl 
id subsequent treatment 
105-106" (bh. , | ; 
p-Hydroxyben leh f j b1odid ‘ and pota 
refluxes 5 hr Phe i ! i red " ‘vaporated, 
id hydrogen 
alter 12 | t ! I isolat I ration under 
yhol (4 cx was ad the 1 i olume of dry ether to 
then saturated with a: ride a A deep red 
al eparated ] ‘ f t j then dis 
he lutior 
OO C4 ) con 
Acidificaty 


the product 
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ted the mixture was refluxed for 2 hr. and then « porated lhe residu 
e and hydrochloric acid, and the yellow product was taken up in ether and recovered 
‘the extract It was then heated for 2 br. with sodium hydroxide (20 g.) in water 
rr 1 alcohol (400 c.c.), most of the alcohol being evaporated in the process On being 
re lue gave golden-yellow crystals; these were collected 1d washed twice vit 
j ter, ¢ e with acetone ind thrice with ether (yield 25 2 ym f the purifi | iu 
ed in water, the solution was acidified, and the pre itated 2 tlodibenzofuray 
te ith ether, recovered, and finally recrystallised t e from benzene It for 
es, m. p. 146° (Found: C, 69-9; H, 3-2. C,,H,O, requires C, 70-0; H, 3-3° 
td ly henylhydvazone, m. p, 228 bound N, 12-7 Catt ,O,N, requires N, 13-3 


red crystals from alcohol 


Diber wan-2-cavboxaylic Acid [he above acid (1 g.) wa ed in warm dilute sodium 
i i",, aqueous potassium permanganate wa tirred intil exce WAS | ent 
iw decolorized with sulphur dioxide, and the precipitated acid (0-7 g 
hed, and crystallised from chlorobenzene to give colour ri r p 255 Olle 
Th) | ( 13-5 MH, 33 Cal for ¢ ri,tJ ( id b Mr, 38% Mayer al 


ecord p. 246 247 with softening at 237 


ihe | (,, 60-4 iH, 4-0 OFF, FF requires ©, 69-4 Hi, 4 hich sh 


Va 1cid kthyl 2-naphthylglyoxylate * wa efluxed for 2 hr vit 
odium hydroxide (200 c. On being cooled the resulting solution affor 
rystal LT hese ere redissolved ii heated wit lium amalgam un t 


‘ lorized Acidificatior f the cooled filtrate the vave Z-naphthyigly hi 
i4 it iA extracted vith etner recovered by ¢ iporat y and crystallise 
| f fi toluen Madelung and Oberwegner ? record 1 p. 157° for the same acid 


14-0. CyglH,,O,N, requires N, 14-7! The hydro wid did not form a deri 


} ) yacen Vowdered anhydrou iuminium chloride 0 wa tirred at 0° f 


0-5 4 jution of anthracene (27 2.) in dry nitrobenzene (1500 c. \ solution of ethox 


21 in nitrobenzene (20 c.« was added and th tirring was continued f 
4 | ict is kept for 12 hr., then mixed with hydrochlor cid and ice The 
in steam, and the residual black tar (A) was reflux for 3 hr. with aqueous 10 
if l¢ DU CA ihe hot solution on filtratiors ind cooling gave golden-yellow 
! ot sium alt Acidification of a solution { the Lit lg ga a dark oran 
ORD f of the acid, m 186” (decomp which c1 tall rom toluene in granul 
f em. | Found: C, 77-3; H, 41 Cigll,)O, requil ( 16-8; H, 4-0 I 
i yphe lhydrazone had m, p. 240° from alcohol 
alior An aqueous solution of the sodium salt wa armed with exce f pota 
te The resulting ispension was decolorised by il] ir dioxide and the pre 
f ellow needle vas collected Che m. ] vas 284 lone or when mixed t 


, / l yr. CA 1044, 66, | 
mY. 64 ysl 
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ether | vaporation of the extr t afl i le ) 
! Pn vit iqueous-alcoholic 5 ] ZOO « the alcohol bein 
to « rate Che residual solution filte t led and acidified he 
precipitate was extracted 10 1 05-100 
I t toluene as hen lra 104 106 | { 73-0 l, 5-3 
p ti re 73:6; H, 5-0° burt it f 1 ethyl acet t 
‘ ive the acid as pale yellow plate lf f vat Found ( 10-7 
( H, H,O requires C, 71-1 Hi, 5-2 ‘ 4 reaction with 2: 4-dinits 
vine 
, If / )-anthy ti {cid i! | vas { vith a ! t ul j 
iti 1j 9-anthrylglyoxylat 30 2 int ! i l ha ) me almost colourless 
It 1, and lified and the i t1 lwith ether vapor 
i 24 of pale orange crystals, m. | 04 —205 Ihisati from toluene 
" pa range needles, m. p, 204 05 l ( 15-4; H, 5&7. CyH,,O, 
75:6: | ai 
t-Oxal vey P? lered anhydrous aluminiu 0) is stirre vith a solution 
f ene (18-5 j rbon disulphide (150 | ride (13 ‘ ulded 
i red f 1 hy The re Iti ( eated I 3 u I 
ef] { | t 12 t 1 m temperat t ( ! irl) 
" ind the oils isper t I | ! 
\ ; ling gave yell ) ite (14 
L he : oS icid is regarded a } I im 1 el iui.” 
) i? ] t 1 at fication gave a pre I I lf n tol U 
i i aT 138 bound isi , ( l ra’ juire { ias H 
$7 I >: 4-dinitrophenylhydra Found 12-6. Cy,H,,O,N, requ N, 12-3%) 
for ( 1 crystals, m. p. 231°, from ileolh 
| t i ! peier method the acid gave it is prism m. p. 81° (from light 
ett pm, 100—120°) (Found: C, 78-5; H, 4-6 { H.,O, requu 19-5; H, 46%) 
icid Chis glyoxylate (8 g.) 1 100 ‘ refluxed for 
»4 bath ith excess of aluminium ( ratio. rave a hid 
1 { { with ether after the additi | poration of the 
ethe ( iscou light-brown residue ind thi te ith aqueous-alcohole 
’ odi iroxide, filtered, and acidified whilst hot Che 3-pyren lic acid which separate 
ext ted ether, recovered by evaporatio l 1 ft i lichlorobenzene it 
| C, 78-0; H, 43. ¢ HO, juis 


, 
for mht yell rystals, m. p. 174° (decomy 
‘ LM 1 meited at 


H 4 mixture of the acid ith 3-] 


( 78°35 I H 
t 2: 4-dinitropheny! lira 
| f nt Lhe | emp ‘ I ‘ t Libeill 64 
the form of slubbing It w lea bast . 
eriment used by these aut! 
I ed was 25 g. in each experiment 
I t flect of previous treatment id on the subsequent 
| I In the four expe! ‘ 1] | nmersed in aqueou 
the vater, and finally Lue 1 aret expermment 
tn ilp irk i 1d « ‘ olution f 
‘) yO) ¢ of te U I i t t ith wool wa 
}( ‘ :% equilibratio In ¢ / 1) t imount of 
an 1 500 c.c. of iteT r wale) 
] t is heated for 2 hr t 10 t if lly rin | 
t 6 250 B ind (d) t | te amm i til | 
b t all ilphate ions were Y i! | 4 t i ‘ rocedure . 
t the eating is for 4-5 hr 
I 4 the effect of (1) previousi ‘ ) ! ! 2-p-toluidin 
n the absorption of m-nitror the effect of 
] iphophen ylazo-2-1 ht f ieptyloxymandel 
F } 1\ the an mt of the ‘ ) rhed b the ] 
4 tw 50 ¢ The treated wool v ent to a soluti 
t tat t ft m-t tromandel oid AE t rape nount 
I ‘ inna 531 
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actions of Organic Azides, Part 
with Huydrazoi and 


1¢ ylbe N20 Acids and Alkylids hee phthahi le 


Ph ulphurw At ids. 


By ( \I 


acids and alkylidens 


huric acids to yield, principally, 
where the substituent is ary 
whe r¢ 


I 


het 
yi Liz 


rine 

: conditions employed ; 
in N-acylanthranilic aci 
nd of a subsidiary rearrangement 


Part II,! and ea 
eaction with 2-benzoy 
Ph) with sulphuric aci 
yielding the protonated az 
to form the proton-add 
' 


Dr¢ eTice Ol 


(in the | 


hich coml 


ind under 


wate! 
benzoxazine (IV) 

yc acids (1 \ 

to the 

a relation 


n ubjected 
whether there i 
d (b) the extent of r 


to the amine k>*) 


al ima 


iltimate ly 
ro1e acids and 


Principal pr 
i 5-benz-l 
Methoxyphe 


? 
yryl 
r 


nylacet 


| 
bu 
vid 
1 


ityryl 
1: §-benz-1:: ‘ 10 i KL) 
‘ ! of the present 


a procedure almost i i tl | 
ults, together with t le, that (apart from the 
the pre é different electro 


fycus and Mark 
wracter (7 Me p MeO, p Clim NO,) in the benzoyl grou 
of the reaction, the oxazine being isolated in 75—88° 
-a4-naphthoylbenzoic acid wa 
compal ly small, and, unlike any other, this reaction 
of the phthalamidic acid (VII). 2-Phenylacetyl- and 2-1 
, inthranilic acids in yields which li 


little effect on the cour 
ield of oxazine from 
somewhat lower; that itoylbenzoic acid wa 
| an appreciable amo 
benzoic acid gave the 
in the range of th the phenyl-oxazi 


ro- and m-nitro-aniline, «-naphthylamine 
t yield was that of «-naphthylamine, 7 


/y the use of procedure 


were charact 


s different from that of the present v 
lated the oxazine and N-a-naphthoylanthranilic acid, dep 


rk, Badger et al,* have 
ending on the conditions, from 
Ihthoylbenzoic acid Smith * has obtained N-acety! 

acid from the reaction with 2-acetylbenzoic acid 

he cyclic cation (IX), which is formed from 2-phenylacetyl- and 2 
zoic acid by the proces (1) —-~ (II), may also be formed by the protonati 
olefins benzylidene- and propylidene phthalic (VIII these compounds reacte 
2-acylbenzoic acids, giving the N-acylanthranilic acids in somewhat lower 
considered to support the mechani 
ia the cyclic cation (IX), since the ion (X), derived from the protonation of tl 
woic acid regarded simply as a ketone 


of the alkylidenephthalide 


the Schmidt reaction with 2-a-nay , and 


™ lon 
i 
‘i 
reaction succeeds with these olefins i 


inh 


, could only arise by the hydration, a 


a proce unukely to occur in 


W 


concentrated 


+> 
' NH’N:N 
. ~ ‘ 
COR oe HO” ——CR 
\ Se aE ” 2HSO, 

J 4) ) 


I) 


N 


CO.H 


H 
7 
NH-COR ZA na + TCR 
| | . 
, 4 I © 
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Formation of N-acylanthranilic acids Phe 
1_yoy 


product from the reaction when R i 
is of the initially 


isolation of the N-acylanthranilic acid 
alkyl or aralky! (see Table) is attributed to hydro 
formed oxazine at the point where the chl 


( 

| loroform~sulphuric acid r 
tion mixture is diluted with water 2-Benzyl-6-oxo- and 6-0xo-2-propyl-4 : 5-benz-1 : 3 
Xazine 


were prepared by ring closure of the corres ponding N-acylanthranilic acids; each 
subjected to the conditions of the Schmidt reaction, but without sodium azide 


( is occurred, and 97 and 88% yields, respectively, of the N-acylanthranilic acid 
e isolated 


vas then 


Che marked difference in ease of hydroly 


iryl-oxobenzoxazines ha 
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eyer and Wagner ‘ and is det rated by the following observation 
d 2-p-chlorophenyl derivat of 6 benz-l : 3-oxazines 
with 80%, acetic acid a vit etha from the 2-benzyl 
f phenylacetylanthranili olated, anc mm the 2-propyl 
, of butyrylanthranilic acid; « chlorophenyloxazine 73 and 96°% 
} | 


hlorobenzoylanthra lated from the treatment 


and the “‘ non-oxazine’’ rearrangement t had been yposed that ther 
vartition of the various products, heir pre ors, In the above reaction 
chloroform and the sulphuric acid laye rdingly, the following pro 
applied to the reactions with 2-p-chlorobenzoyl-, 2-mesitoyl-, and 2-butyryl 
, compounds which yield as main end lu i vely oxazine, Oxazine 
lic acid, and N-acylanthranilic acid: the chloroform layer was separated 
reaction, but before the addition of and evaporated; in each instance 
te All the products at th ( ibove reactions are therefore 
ulphuric acid layer, presumably as their hydrogen sulphates 
of the above reactions, the sey ulphuric acid layers were added to 
ame products as those o were obtained, except that the 
as a diluent led to certa la I tion The reaction with 
zoic acid gave N p-chlorobenzoylant nilic acid together with a 
of the oxazine, a result ascribed hydrolysis of the oxazine, the 
on dilution of a sulphuric a tion of this compound, was directly 
logou product have bee btained from the Schmidt reaction with 
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lrazoic acid to the cycl rrang¢ i hown to 
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The Det rmination of Small Concentration of {/eohols. 
By V. S. GriFrirus and D., | 
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326. Heterocyclyl-rhodanines and -2-thiohydantoins. 
By Ikpwarp Bb. Kwnori 

N-2 | yridylaminoacetate |} 
ibstituted ]-2’ pyridy 
jazolyl-dithiocarbamic 


ne glycine f 


as been converts ito a series of 
2-thiohydantoins. N-Pyridyl-, N-quinolyl-, and 
esters have been condensed with N-substituted 
} ters, or glycine nitriles to give : 3-quinolyl-, 
| 3-thiazolyi-2-thiol 


ubstituted 


iydantoimn or hav 
rmation of | : 3-disubstituted 2-thiohydantoins (1\ isually brought about by 
ition of an tsothiocyanate 4 or a N-substituted dithiocarbamic ester * with a N-sub 
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thiocyanate to probably the thiour 
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1956 Knott [Teteroc yclyl rhodanin 
2-aminothiazole (but not 2-an | LO} ol n | 
and triethylamine at room temperature to give high ds of the corr 
ibstituted triethylammonium dithi bamate “4 Et,NH). Thi 
ion has recently been published by Fairfull and c.! he alkyl, preferably methy! 
of these dithiocarbamic acids (V; R” Mi vith N-substituted glycines, glycine 


readily with 


rs, or glycine nitriles, readily yielded 1-sul ited 2-thiohydantoins with the hetero 
idue at position 3. Fusion of the dithiocarbamate (V; R” Me, R’ 2- of 
1) at 140° caused the evolution of meth iol and the formation of a tar from th 
but of 3-pyridyl ssothiocyanate fro 3-1SO1 Lhis ssothiocyanate is a high 

uid J 


‘airfull et al.*) and it therefo eems likely that the 2-pyridyl analogu 
latter authors as a brick-red solid with m. p. 110—I111° is a polymer, 
m of sodium chloroacetate with tri lammonium dithiocarbamates from 
heterocyclic « ynpound , followed by acidification of th olution of the salt of the carboxy 
ethyl « \ ng { H,*CO,H) so formed, leads in son i directly to the rhodanine 
In other cases the carboxymet! ester wi olated and subsequently 
products (VI), either by fusio1 ment with acetic anhydride 
dithiocarbamates are, like thioa lub] dium hydroxide and 
methyl iodide in alcoholi OCU! yX1de gly the dimethyl dithio 
Ches« ‘ are then re juates Ler | converted into azadi 
A ibstituted in the hal 


EXPERIMI 

ridylaminoacelale (111) V-2-Pyridylamin utrile (20 g.) (Bristow ef al. 
o a cooled solution of concentrated iphut j vA c.) in ethanol (100 c.c.) 
Lhe sulphate, which was precipitated, gradually dissolve retl After 2 hours’ boiling 
the lution was poured on ice (200 g.), the acid as 0 liz vit Oo odium hydrogen 
te, and the oil extracted with ether The dri al solution gave 20-8 g, (82%) of 
156-—160°/13-5 mm., on distillation (ou , OV-7 H, 66; N, 15-6 CyH yO WN, 
ire ©, 60-0; H, 6-65 N, 15-55%), which | | as! t like needles at 5 Lhe 
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2-Aminopyridine (18-8 g.), carbon disulphide (12 c. triethylamin 40 c.c.) were warmed 
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Calc, 1 
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yellow needles, 1 j t foun N, 14-0; 32-3 
2 Tequire N, 14-15; 5S, 32-3° N . Ly lth bam piperidine was obtained 
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Coprostan-3-ylamines and Cholest-4-en-3-ylamine 


D. E. Evans, H 


Kime, on reductio 
hye rogenati 
ylamine, and on reduct 
jime;ri 


J-one 


1HD5D0 


and Summer 


Shoppee, Evans, Richards 
if Haworth, McKenna, an 


3%-ylamine is already known from the work 
ve now describe the preparation and establish the configuration at C;,) of the 
and of the acetyl derivatives of the epimeric cholest-4- 


prostan-3-ylamines 
f un with sodium and al 
in acid media genera 


oxime Ol 
j 


ymmetrical cyclohexanor 
whereas catalytic hydrogenation 
found * that use of lithium aluminium hydride 
of their equatorial isomerides 
Labler, Czerny Sorm,® and 
3-ketone hould give 
formed predominantly 


4 
mo 
iatorial amine 
6,7 We have 


varying amount 


lai Aline 
amines with 
"4 by and 


simultaneously 
McKay.!° Although steroid 
on omeride to be 


omeric OXI1M 
the oxime the following 
with sodium-—ethi 14! gave exclu 


sodium borohydride 


al 
is been made 


Bannard and 
appt ‘ 
homogeneo 


Ani 


methanol at 


tan-3a-y 


in 


(11), on reduction 
R H). Although 


of lithium aluminium hydride afforded chol 


one OXMN 
Yiamine (1; 

inefiective, us 
iccompanied by an approximately equal quantity ® of cholestan 
ind their acetyl derivatives were separated chromatographicall 
led smoothly and rapid 


failed, but proceed 
}a-ylamine (III; R =H), isolated 


the base 
iction with platinum in dioxan 


} | ¢ 
cholestan-54 iin 


ive exclusively 


reduction with sodu 
H), identical with the base produced 
acid * (VIII) and (4) by amme 
lithium aluminium | 
(1\ Ik H); subsequent reduction 
pite extensive variation of t xperimental ce 
coprostan-36-ylamine (\ R H),® whicl 
nonats (LX) (ata 


toluene-p-sulph« 
failed, but in 


urboxyl 


(VII) Reduction 
yvlamine 


with 


y copro tan 3a. 
the reagent failed, de 


chromatography, to yield 
i of coprostan 3a-yl 
HOXal 


| ry ammonol 
ation of coprostan-3-one oxime (V) with platinum in d 
trary to expectation {cf. (11) — (III)] to 


t 


led smoothly, rapidly, and con 
lamine (L\ : Rk H), isolated a 


3-one oxime (V) with lithium 
[vy . H (3a-NH, equatorial)| 1 


pregnan-3-one oxim« | mainly preg 


icetyl derivative 
iluminium hydride 
urprising becau 


the 
to giv 


coprostan-3a-5 
reduction of coprostan 
wrostan-3a-ylamine 
condition (a 
H (38 NH, axial 


aracter! 


(as \ Vi Ided 
i20-——140° /0-02 mm., which crystal 
itive, m. p. 213", a | 


ely CO} 
} irable 

is VI 
65 


Ix as an oil, b p 
78°, and wa ( 1° as acetyl deriv: 


irked are papel 
Kenna, an ) , 1953, 1110 
Read, /., 
1953, 1027 
1 ) 1953, 1847 
and and Ind., 1054, 1 
4 iy, and hem ist 1054 48, LO5s 
ind McKay, ¢ em., 1955, 88, 1166 


and Hawort 
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1 into the dimethyl derivative, m. p. 124°, identical with a specimen prepared by 
R. D. Haworth, whilst (6) reduction of allopregnan-3-one oxime (as II) with 
iuluminium hydride gave allopregnan-3$-ylamine [as I; R =H (36-NH, equa- 
identical with the base produced by use of sodium-—ethanol.* The reduction of 
one oxime was repeated at that time to provide more material, with the same 
hould, however, be pointed out that the reduction product was not chromato 
id that some of the epimeric pregnan-3a-ylamine [a L\ R H (3a NH, 
may have been formed. We feel convine however that the principal product 
uubtedly pregnan-36-ylamine (as VI; R 1), and we can only ascribe the 


HIN 


ee 
as 
+A 
H 


(VI) 


O-O3 mn | ri P/O-03 mm 
218°, j \ n 112 1 


HO,Cc” 
p CoH aMe-SO)) 


inexpected difference in behaviour between tl yprostane and the pregnane series to 
long-range effects originating in the side-chain and relayed across a relatively rigid saturated 
molec ile 
rhe reduction of cholest-4-en-3-one oxime (XI) with sodium in ethanol was first 
by Windaus and Adamla,! who by acetylation and fractional crystallisation 
isolated and identified 36-acetamidocholest-5-ene (14°/,), m. p. 243°; further fractional 
crystallisation and, finally, hand-picking yielded two isomerid 4-acetylcholestery! 
m. p. 216—217°, and “ y-acetylcholesterylamine,”” m. p. 190 We find that 
luction of cholest-4-en-3-one oxime (XI) with sodium in ethanol and chromatography 
yf the acetyla product leads to four compound One of these, 36-acetamidocholest 
t-ene (X), appears to correspond with the ‘ B-acetylcholesterylamine “ of Windaus and 
Adamla, and by catalytic hydrogenation with platinu i in acetic acid affords 33-acetamido 
I tane (1), whilst another, 3a-acetamidocholest-4-ene (XII appeal to be the y acetyl 
of Windaus and Adamla, and b catalytic hydrogenation Rives ba 
prostane (LV); the two compounds (X) and (X11) can be more readily prepared 
f cholest-4-en-3-one oxime with lithium aluminium hydride [he third 
| is 36-acetamidocholestane (1), which may ha arisen by reduction of 36-acet 
t 


ene (X), or by reduction of the fourth compound 36-acetamidocholest-5 


AXlll: & Ac ) ‘as the free base (XIII k H) with subsequent acetylation) 


| 

ation of 38-cholesterylamine (XIII; R = H) in the sodium-ethanol reduction 
t-4-en-3-one oxime [cf. the sodium-—ethanol reduction of cholest-4-en-3-one by 
l4 


t 
CST 


Diels and Linn uggests that in the presence of ethoxide ions an equilibrium is set up 


tween the af@-unsaturated structure (XIV) and the (@y-unsaturated structure (XVI) 


r preponderates; addition of a oton to the mesomeric anion (XV) 


lamla, Bes 1911, 44, BO51 
Cole, and Meyer, |. Amer. Chen 1948, 70, 1834 
Ber., 1908, 4, 260 Wagner j Wer 


Shoppee, Lkvans, Richards, and Summers : 


| 


rmodynamic control will lead to production of the epimeric cholest-4-en-3- 
X, XII; R H), whilst addition to the mesomeric anion (XV) under kineti: 
vill lead to 36-cholesterylamine (XIII; K H). 
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tion of cholest-5-en-3-one oxime ?® (X\ 111) with lithium aluminium hydride 
rraphic separation of the resulting bases gave 3f (XIIIl; R H) and 3a 
imine (XVII; RK H), which were characterised as the acetyl derivative 

this work was completed Bannard and McKay ™ have de cribed the reduction 

um aluminium hydride of the oximes (XI, XVIII). From cholest-4-en-3-one 

27% of 36- (X) and 28%, of 3a-acetamidocholest-4-ene (XII) 


XI), they obtained 
ubstantially the same [ajp 105°) as our preparation} 


orph, m. p. 163 ith 


ww 
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| 
R un& - 
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08 04", 
89— 94°, | 


| 06 ap 34 
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est-H-en-3-one oxime (XVIII) by chromatography of th acetylated product 
tained 46% of 36- (XIII; R Ac), m. p. 243”, [a 15°, and 23% of 3a-acet 

jlest-H-ene (XVII; R Ac), m. p. 184-5°, [a]p —59 Bannard and McKay point 
ibstituted steroids are generally more dextrorotatory than their 38-epimenae 

the possibility of reversing the configurations at C;), of (XIII) and (XVII) 
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0-03 mm., to yield coprostan-3a-vlamine as lourl oil 


26 
6: H, 12-7 Ca tlyN requires ¢ 


4 


Acetylation 


1 ether at 15° gave a solid product, which by recry 1 from acetone furnishe 


: 
lane m, p. 218-—219 a), 448° (c, 0-92) [Found (after drying at 100° /0-03 
80-9; H, 11-9. Cy H,,ON requires C, 81-1; H, 11-9 
3-one oxime (850 mg 


) was treated with lithium aluminium hydride (480 mg 

5 hr. The mixture was worked up in the usual manner to give 

wcetylation with acetic anhydride in ether at 15 
| 


yvdri gave a solid whi 
iluminium oxide (20 g Elution with ether—t 


venzene (1:9) gave a 
) 


ryStallisation from acetone yielded %3a-acetamidocoprostane 


3-one oxime (1 g.) in acetic acid (20 c. vas hydrogenated with platinum 

$25 mg.); the theoretical uptake of hydrogen was attained in 1 

cetylated in ether at 15° to yield a solid (920 mg.), whi h chrom itographed on 

m oxide (30g Elution with ether—benzene (1: 9) afforde nly 3a-acetamidocoprostane, 
| mixed m, p, 218 
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roduct chromatographed on aluminium oxide (60 g ICce 
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iz ethanol (200 c.c.) was treated with sodium (20 ¢.). The 


Z. 


yas an oil, which on acetylation in ether at yielded a 
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which crystallised from ethyl acetate in needle p. 186——190 
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5-ene, m. p. and mixed m. p 


Finally, elution with chloroform-—ether gave mall quantity of oil 


205-—222° was rechromatographed on alumini 
100 c.c.) gave oils, but further use of benzene (2 
D vO”, which crystallised from ethyl acetate 
vhilst still further use of benzene (3 x 100 
7), and final elution with benzene gave mixt 
0-85), m,. p. 240-—244° undepressed on admi 
p 180 190", 


and a 
acetamidocholestane 
7°, were identi 

4-acetamidocho 
1-4-ene } {-en-3-one oxime (1-8 
in ether (200 c.c.) was refluxed with lithium aluminium hyd (1-6 
the product in the usual way, followed by acetyla 


1 ether at 15°, gave a yell 
which was chromatographed on aluminium « Elution with benzene 


gave a small amount of oil, which by « 


ym ethyl acetate gave 
t-4-ene, ™m Pp 190°, fal, 94° (c, 1-23) [Found (after ying at 25°/0-03 
C, 81-7; H, 11-4. C,yH,ON requires C, 81-5; H, 11-5 
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tane 38-Acetamidocholest-4-en¢ in glacial acetic acid (20 ¢. 
100 c.c.) was hydrogenated with platinum oxide for 4 hr Working up in 
e a solid (350 mg.), which was chromatographed on aluminium oxide (10 g 


1 benzene gave a solid, which crystallised fro tone in plate , 12 , 1-12), 


, undepressed on admixture with 


CE| Cholest-5-en-38-ylamin l lest n-3a-ylami Cholest-5-en-3-one 
188°, in boiling ether (200 c.« ‘ reduced with lithium aluminium hydride 

re of bases was isolated as an oil (7°! nd a portion (6 g.) was chromat 
ium oxide (180 g.). Elution with benzene-pentane ; vith benzene gave 
whilst ether—benzene (1 : 9) (20 100 gave al , which crystallised 

and after distillation at 130°/0-:02 mm ielde 5-en-Sa-ylamine a 

from led pentane), m. p. 100°, [a]p 10 0-89 Acetviation in ether at 15 
3a-acetamidocholest-5-ene, which crystallised from acetone as needles, m. p. 186-—189°, 
1-0). Elution with ether—benzene (1: 4) ga ils, whilst ether (18 100 c.c.) 
vhich on crystallisation from acetone yielded needl n, p. 138—-140° undepressed 
lene derivative of cholest-5-en-3 ( lation gave 36-acetamido 

and mixed m, p, 243°, 
J. H. Prerce] alloPregnan-36-ylamin all nal me oxime (m. p, 196°; 0-52 


} 
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y ethanol (20 c.c.) was reduced with sodiur f Wor ‘up in the usual way gave 

by distillation at 130—140°/0-01 mm é egnan-33-ylamine, m, p. 119°, 
Found : C, 82-9; H, 12:1 Cas N require 83-3; H, 12-0 Acetyla 

nhydride in ether at 15° gave a s« which af ublimation at 220—240°/0-01 

ition from acetone gave 3%-a imidoallopregnane p. 266-—268", [a], 0° 

it 100° /0-01 mm. for 4 hi Cog ltyON requires 


one oxime (250 mg.) was treated with lithium aluminium hydride (150 mg.) in 
5 he Working up in the usual way n oil, which by acetylation with 


ether at 15° and crystallisation from ethy! acetate ga lee! m, p. 265 
pecimen of 36-acetamidoa 
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328. Chlorophyll and Related Substances. Part I11.* 
The Synthesis of Octamethylchlorin, 


NER and R. P. LINSTEAD, 
and Epirn $1 


methylchlorin (II; kx Me) and « meth I l \ have been 
sised from 2-dimethylaminomethy!-3 | ‘thylpyrrole (1; KR 
od yield Metal derivatives of both yments have been prepared 


ibsorption data are given The qu tati d yvdrogenation of 


Ichlorin and of its magnesium deri 


synthesis of chlorin (II; R H) from 2-dimethylaminomethylpyrrole 
was described. It was of interest to determine whether the new method, 
ue in providing the first direct synthesis of a dihydroporphyrin derivative, 
ild be applied to the synthesis of substituted chlorin It was also 

1 substituted chlorin, closer in structure to those derived from chloro 

from the viewpoint of its quantitative dehydrogenation 

d to prepare a symmetrically substituted pigment in order to avoid th 
i mixture of positional some! Qur cl fell on the unknown octamethy! 
R Me). ‘The corresponding porphin (I\ is been prepared in up to 2h 


I! 19 


1656 Eisner, Linstead, Parkes, and Stephen : 


} 


Fischer and Walach,! and more recently by Siedel and Winkler 2 who employed 
ethyl-3 : 4-dimethylpyrrole-2-carboxylic acid (11) as intermediate 
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nthesis of the unknown 2-dimethylaminomethyl-3 ; 4-dimethylpyrrole (I; R 

iccordingly undertaken. This involved the large-scale preparation of 3: 4-di 
rrole (X) which had previously been prepared in small amounts.54° Wi 
the following series of reactions, which are essentially those used by earlier 
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nthesis was carried out by Dr. E. A. Parkes, who showed that excellent yield 
btained in all stages up to and including the preparation of the pyrrolic est 
lhe modifications by Chu and Chu © were used in the preparation of the pyrré 
(VII); the ester (VIII) was prepared by catalytic reduction of the ester (VII 
, however, were encountered in the preparation of the diester (IX), Fischer a 
method ® was tried without success as was the modification by Corwi 
desired product (1X) was finally obtained in 76°, yield by strict control of t 
action conditions, in particular by working at a low temperature. The hydrolysis a: 
ylation of the diester (LX) were carried out by modifications of the method 


lecarbo 
Héfelmann © or of Chu and Chu,® whereby 3: 4 dimethylpyrrole (X) 


ischer and 


ytained in 50% yield 


1 Walach, Annalen, 1026, 450, 164 
ind Winkler, ébid., 1943, 664, 162 
ind Walach, sid., 1026 450, 109 
nd Hierneis, iid., 1032, 492, 32 
rand Hdfelmann, t 1938, 583, 216 
andl ( 1, |, Ovg. Chev 1954, 19, 266 
1% ind Viohl, / lw Chew 
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rreatment of the pyrrole (X) with dimethylamine and formaldehyde ° afforded the 
crystalline Mannich base ([; R Me) in 90%, yield 

The reaction of the base (I; R = Me) with 1 mol. of ethylmagnesium bromide in boiling 
xylene or o-dichlorobenzene afforded a mixture of the magnesium complexes of octamethyl 
porphin (IV) and -chlorin (II; R = Me). The yields of the chlorin were of the order of 
>—12-5%,, and those of the porphin 20—36°/, was subsequently found that octa 


methylchlorin (II; R Me) is much more readily dehydrogenated than chlorin (II 


R == H) itself and the preponderance of octamethylporphin (IV) in the reaction mixture is 
herefore not surprising. The total yields of macrocyclic pigment obtained are quite good 
for a method involving a monopyrrolic intermediate; they could probably be improved by 
uitable variations of the reaction conditions 

A rough preliminary separation was achieved by filtration of the crude insoluble 
magnesium octamethylporphin. The magnesium octamethylchlorin which remained in 
the filtrate was converted into the metal-free pigment by treatment with cold dilute hydro 
chloric acid. In contrast to unsubstituted chlorin (II; R =< H)® octamethylchlorin 
was readily purified by adsorption chromatography on alumina. This treatment separated 
from it traces of the porphin (IV), as well as a green pigment with spectral characteri tic 
very similar to those of octamethylchlorin. The green pigment has not yet been obtained 
pure, but it may well be analogous to the ‘‘ oxychlorin '’ obtained in the earlier work.’ In 

ipport of this idea it should be pointed out that its light absorption is similar to that of a 
pigment obtained by Fischer e¢ al.1° from the oxidation of octamethylporphin with hydrogen 
peroxide~sulphuric acid, a reaction which is known to produce ‘‘oxychlorins.”’ 

Octamethylchlorin is a deep blue crystalline solid Ihe solutions in benzene are green 
with an intense red fluorescence 

rhe light absorption of octamethylchlorin has been measured in benzene over the rang 
350—700 mu. The results are given in detail in the Table and the Figure rhe spectrum 
bears a close resemblance to both that of chlorin * and of etiochlorin.™ 

When a benzene solution of octamethylchlorin was heated with methanolic cupric 
acetate, copper octamethylchlorin separated from the blue solution as purple crystals, It 
was purified by chromatography on heavy magnesium oxide to remove a trace of copper 
octamethylporphin, but was not obtained quite pure even after this treatment. Light 
absorption data are given in the Table. 

\ solution of magnesium octamethylchlorin was prepared by treatment of a benzen 

lution of the chlorin (II; R Me) with ethylma ium bromide. The solution wa 
vith an intense red fluorescence. Light-absorpt data are given in the Table. The 
al is extremely labile in this compound, being partially noved even by cold aqueou 
chloride or by traces of hydrogen chloride | | W In this it differ 
from unsubstituted magnesium chlorin 

cond product, magnesium octamethylporphin | “ rified by repeated 
extraction with boiling benzene. It was, however, still contam | with magnesium 
octamethylchlorin which was dehydrogenated to the porphin (2 y extraction into 
containing an excess of 1 : 4-benzoquinon: Iwo such treatments afforded 
unm octamethylporphin (XI) containing only traces of the chlorin derivative. The 
magnesium complex (XI) forms purple microcryst solutions are rose-red with a 
red fluorescence. Its spectrum (Table) shows a cx lerable solvent effect, By treatment 
with cold dilute hydrochloric acid, the porphin (X onverted into octamethylporphin 

(1\ pectroscopically identical with a specimen prepared by standard methods.* 

When the magnesium porphin (XI) was treated with boiling acetic acid and cupric 
acetate per octamethylporphin was formed as purple microcrystal Light-absorption 
data le) are in agreement with values recorded cher and Walach?* and are 
very similar to those of copper #tioporphyrin II. remarkable that, in spite of it: 
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the action of the acidic tetrachloroquinol. The reaction with dichlorodi- 
zoquinone was instantaneous. As in case of metal-free octamethyl- 

Its confirm the dihydro-level of the magnesium derivative 
of octamethylchlorin (II; R Me) is therefore established and the 
from a Mannich base such as (I) thus appears to be applicable to 


EXPERIMENTAI 
by Mr. Oliver of t 
With Dr. Ek. A. Parkt he role deri, \ Vill) were 
d met 
wethylpyrvole-2 : 5-dicarboxylat 4 eshl ible iphuryl chloride 
3 added dropwise with vigorou tir ing 3 hr. to ethyl 3:4:5 
2-carboxylate (VIII) suspended in in is eth i i 15° to 20 
redissolved when the addition of sulphury! chil le w ilLmost complete After 
0° overnight the unchanged reagent mposec y the dropwise 
LO cx at 20 The ethereal f lried (Na,5O,), the solvent 
ed pressure, and the y residue treated dropw vith ethanol (80 ¢c.c.) at 
th external cooling [he solution w heat to boiling for 5 min., the 
ol removed under reduced pressure, and the residue dissolved in ether (200 c. 
tion was washed successively with aqueou hydro» , sodium hydrogen 
ind water, and dried (Na,SO,), and the lut duc c. under reduced 
rapid cooling the solution deposited cryst he ¢ (IX) (16-2 g.), m. p 
n. p. 73 A second crop (5:3 g uned by stillation of the mother 
t 100°/10°° mm Phis distillate after o tal t fron , ethanol, had m. p 
: f rhe total yield was 20 g. (76 f mat i ! pt for the next 


xX (a) The diester (LX ; : wiled under reflux with a 
lroxide (15 g.) in water (30 « itmo f nitrogen. Excess of 
ind the residue was heated t: ne reduced pressure for 4 h1 
was saturated with sodium ch l ne ‘tracted with ether (5 times 
nitrogen rhe solid residue was di lin the minimum quantity of 
with ether. The eombined ethere: ras were dried (Na,5QO,), the 

reduced pressure, and the residue istille affording 3; 4-dimethyl 
: low-melting crystals, b 3 22-—24 mm. (lit., b. p. 65 
p. 33 
ter (14-9 g.) in 10% sodium hydroxide sol 60 Cc. vas boiled under reflux 
olution was cooled to 0° and acidified il t ry ipitate was filtered off, dried, 


with 2-aminoethanol (10 « i Che ution was cooled, 


neutralised with acetic acid, and repeatedly extract ethe Che ethereal extracts were 


uqueous copper sulphate followed by sodiut carbonate solution and dried 
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05 mol.), potassium acetate (2-9 | mol un , aqueous formaldehyde solution 
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henylpropane 
lof )-ephedrine 


ition of the diastereoisomeric 2-amino 
ot thr ind erythvo-phenylserine ethy] ¢ 

ind ketones has been studied Phe structures of the products 
chift’s bases) have been determined wi the aid of the 


Ideh yde 
zoudines or 
rared spectra. No difference has been observed in the behaviour of the 
tereoisomerides; the reactions are not accompanu y change in 


ifiguration 
from the two 2-amino-1-p-nitrophenylpropane-1 
{f dichloroacetaldehyde, diastereoisomeric 3: 7-dioxa 
tane derivatives (Ill) were formed by double condensat 


and in related 


yrouping in (-phenylserine, in chloramphe 
M ired likely to conden c with carbonyl! COM po MiG 
Schiff’s bases, depending on the 


z-amino-alcoly 


and ketones give either oxazolidines of 
| it appeared of interest to study whether the configuration o1 
influences the course of the reaction or it 


and the 2-amino-group in 


reactant 
above-named substance 

raing to Fodor and his co-worker Ds the l-hydroxy 
iumphenicol are near to each other, in the erythro-isomer in a trans-like posit 
react differently with urea* and their N-carbamoy 
1 the N-thiobenzoyl derivatives of threo-amino-alcoho! 


differently; and 
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measured by the quantity of wate! liberated azeotropi ally) the 
in minutes) were required 


CHCl,CHO it, loHexanon 
120 175 
180 7 190 


| ketone and cyclohexanone | ive th zolidine (11) even when employed 
of dichloroacetaldehyde led to formation of a tAreo- and an erythro 
3: 7-dioxa-l-azahicyclo[3 : 3 Ojoctane derivative The infrared pectrum proves 
the absence of the C=N system and the presence of oxazolidine rings. A model shows 
Plate) that for steric reasons only aldehydes will bi rive a system such as (III): 
even two methylene or methyl groups in the immediate vicinity of the carbonyl group 
would cause too great a deformation of the molecular structure After this paper had 
been completed, Pedvazzoli ® reported similar observatio 
thr ind erythro-Phenylserine ethyl ester were conden vith benzaldehyde, p-nitro 
benzaldehyde, p-anisaldehyde, 2 : 4-dichlorobenzaldehyde, ldehyde, cyclopentanone, 
yclohexanone, and cycloheptanone. The reactions wen isily to completion, but mostly 
gave resins; only from cyclohexanone were two crystalline derivatives obtained; benzald 
hyde gave a well-defined compound with the threo-ester. These three products were Schiff 
bas¢ howing the C=N frequency at 1678, 1670, 1665 cm.-', respectively, and the hydroxyl 
frequency at 3380, 3310, and 3450 cm."! The location of the hydroxyl bands makes it 
probable that the products contain hydrogen bonds involving t! ter carbonyl group 


For COMparisol the behaviour of ( )-ephedri C (é7 ; owards aldehydes and ketones 


was studied: in this case, condensation is bound to lead to oxazolidine Davies,” 


Schmidt,'® and Welsh ™ have already shown that both ephedrine and w-ephedrine give 
oxazolidines on reaction with benzaldehyde. Whilst di-n-butyl ketone, dissobuty! ketone, 
diethyl ketone, acetophenone, 4-methylacetophenone, and f-dimethylamino- and p-benzy! 
oxy-benzaldehyde failed te react, condensation products were obtained with cyclopentanone, 

lohexanone, m-nitrobenzaldehyde, and dichloroacetaldchyde. Freudenberg and Geiger !* 
recently described the condensation of aceton ti ephedrine Whilst for the 
condensation with the aldehydes azeotropic distillat ith benzene was sufficient, the 
two ketones mentioned reacted only in boiling xylene and in presence of catalytic quantitie 
of iodine.* As expected, the products showed ti pical oxazolidine infrared spectrum ; 

ome cases, four, not three, bands were observed | 1e expected region. For the eyclo 
pentanone derivative, the molecular refraction v letermined; it showed the depression 
characteristic for five-membered rings of thi type 

Several of the oxazolidines derived from threo-2 in nitrophenylpropane-1 : 3-diol 
have been tested for bacteriostatic or bactericidal acti ainst a strain of E. colt, which 
was inhibited to 50°% by 2-5 ug. and completely by g. of chloroamphenicol per ml 
None of the products, not even the dichloromethyl compound which resembles the natural 


howed any activity in doses of 2-5—50 ug./m! iis tends to show that for 


if the antibioti an open structure of the sid essential 
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e0-2-Dichloromethyl-4-hydroxymethyl-6-p-nitrophenyloxazolidine 4 solution of 
1-p-nitrophenylpropane-1 : 3-diol (6-4 g., 0-03 mole) and dichloroacetaldehyde 
le) in benzene (80 ml.) was refluxed azeotropically until the theoretical quantity of 
collected The solution wa evaporated and the 1 residue crystallised 
the oxazolidine as needles, m. | ] 176° (Found: C, 42-8; H, 40 
C,,Hy,O,N,Cl, requires C, 43-0; H, 3-4 N, 91; Cl, 23-1% Infrared 
$230 (primary OH), 1106, 1127, 1147 (oxazolidine), 1064 ! (primary OH) Ultra 
at 2320 (3-60), 2730 A (4-22 Analogously, the following substances were prepared 
»- 2- Dichlovomethyl -4- hydroxymethyl -5-p-nitrophenyloxazolidine (from methanol 
m. p. 203—204° (Found: C, 428; H, 3-6; N Cl, 23-0. C,,H,,0,N,Cl, 
43-0; H, 3-9; N 9-1; Cl, 23-1%) Infrared bands at 3210, 1110, 1134, 1168, 1945 
traviolet bands at 2325 (3-51), 2740 A (4-23 
L; 2-Diethyl-4-hydroxymethyl-5-p-mtrophenyloxazolidine (from methyleyclohexane 
p, 124—126° (Found: C, 59-9; H, 68; N,99. C,,H,,O,N, requires C, 60-0; H, 7:1 
10-0 Infrared bands at 3248, 1091, 1107, 1152, 1043 cm." Ultraviolet bands at 2345 
2700 A (4-00). 
thi 2: 2- Diethyl -4- hydroxymethyl - 5 - p- nitrophenyloxazolidine The viscous product 
1 when triturated at 0° with acetone-ligroin Recrystallisation from the sam«¢ 
e prismatic needles, m. p. 131-—-132° (Found: C, 59-8; H, 7-1; N, 10-1%). Infra 
nds at 3255, in the oxazolidine region without fine structure, and 
bands at 2325 (3-41), 2750 A (4-10) 
reo-4-Hydroxymethyl-5-p-nitrophenyloxazolidine-2-spirocyclohexane (from acetone-—ligroin), 
107-—108° (Found: C, 61-2; H, 66; N, 95 oN, requires C, 61-6; H, 68 
Infrared bands at 3355, broad max. at 1127, and at 1027 cm.“. Ultraviolet bands 
at 2340 (3-50), 2750 A (4-15). 
rythro-4-H ydroxymethyl-5-p-nitrophenyloxazolidine-2-spirocyclohexane. The product, tri 
vith alcohol and recrystallised from acetone-—ligroin, had m, p. 125—-126° (Found 
H, 68; N, 9-3%) Infrared spectrum as for the threo-isomer, but max, at 1056 instead 
n+, Ultraviolet bands at 2325 (3-560) and 2730 A (4-10 
2. Benzylideneamino-1-p-nitrophe nyl pr ypane-1 : 3-diol (from me thanol), m. p. 152-153 
C, 64-0; H, 56-2; N, 90. C,,H,,O,N, requires C, 64-0; H, 5-3; N, 93%). Strong 
band at 1670 cm. (C N) 
2: 8- Bisdichloromethyl-4-p-nitrophenyl -3 ; 7-dioxa-1-azabicyclo[3 : 3: Ojoctane (L111 
ic distillation of a solution of threo-2-amino-1-p-nitrophenylpropane-1 : 3-diol (6-4 g 


at 1054cm."1._ Ultra 


7 


loroacetaldehyde (6-9 g.) for 4 hr. gave 2 mols. of water rhe solid residue from the 
olution was recrystallised from methanol-ether; this derivative melted at 193-198 
39-2; H, 33; N, 7-4; Cl, 349. C,,H,,0,N,Cl, requires C, 38-8; H, 3-0; N, 7-0 
The erythro-isomer (from methanol) formed needles, m. p. 178—-182° (Found 

a1 YN, 72; Cl, 34-84% 


cycloHexylidenephenylserine ethyl ester threo-Vhenylserine ethyl ester (m 


| 
from light petroleum) (3-1 g.) and cyclohexanone (1-5 g.) were dissolved in toluens 
ind subjected to azeotropiK distillation Within 2 hi the reaction was complete 
‘rom ether, containing a little methanol, crystals, m, p. 61-62”, of the cyclohexylidene derivative 


C, 70-6; H 8; N, 46. C,,H,,0O,N requires C, 70-6; H, 7-9; N, 48%) separated 
1720, 3180, 3380 cm. (hydroxy! 


ester was carried out i rere 
m ether containing a littl 
m admixture with its tsomer (Found 
70, 1700, 3310 cm." 
Benzylidenephenylserine ethyl ester (obtained in be t hy formed leaf 


from acetone-—ligroin (ound ( 


72:3; H, 6-0 . 1-6 petd gO N require 
N, 47%) Infrared bands at 1665, 3450 cm 

t- Dimethyl - 5 - phenyloxazolidine - 2 - spirocyclohexan Ch reaction betwee! 

1:05 g.) and cyclohexanone (5-94 g.) in boiling xy 90 ml.), carried out in the 


ill quantity of iodine, required 4 | for complet Che product solidified 


t 
’ 


from propan-2-ol in needle m 18 ) ind: C, 78-1 H 
IN requires C, 78-4; H, 04; N, 57% ed bands at 1067, 1087 
raviolet bands at 2480 (3-41), 2590 A 

LDimet vazolidine-2-spirocyclopentan he reaction 


line, required 7 hr p cl W n oil, b p 


1956 Diarvl-2 « 2’- 


140 
H 


~ 


14] 
4-0 
1142 
3 


en 


3mm nv 1-5240, d¥ 10270 
5-8, C,;H,,ON requires C, 7 
1174 cm."! Ultraviolet band 
4-Dimethyl-2-m nitvophenyl-5-phenyloxa 
el The product formed needk 

H, 5-9; N, 92. C,,H,,O,N, require 
1092, 1137, 1192 cm.” 
chloromethyl-3 


\ 
/~) 


erytnro 
} 1e 
(,, 68-2 
1061 
hro-2-D 


a Inig 


/ 


Ultraviolet bane 


4-dimethyl-56-phenyloxa 

the product (from benzene-light petroleun 
54; Cl, 27-0, C,,H,,ONCI, require 55-4 
1, 1133, 1158 cm." 
e spectrum of 


*f 


» 


( 
it 109 Ultraviolet band 


ephedrine was determine 


infrared spectra were measured by Dr 


the ultraviolet spectra by Mr. Ch. Eger o 
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based on Ullmann reactions with pheny! 
Barber—Smiles process of heating the 

th copper in aqueous copper sulphate Phe 


methyldiphenyl-2 disulphony! dichloride int: 
smiles ! is shown to be illu 
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lerivatives of dipheny 


he 
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Barber and 
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di 


tical resolution of diphenyl Z ulphoni 
relation between steric 


of the effect 
f problems, to the solution of which the pres« 
mation of sodium diphenyl 


aqueou 
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( »). yA 
olution of sodium o-iodobenzen 
sful. Although the dipheny 


mains unchanged and some i 


ucces yl deri 


de-lodinate 
be by the action of copper on phen 
from o-iodobenzenesulphonyl! chi 


rmed is with difficulty hydrolysed b 


lium ethoxide into the sodium disulphonat: 
orth,® by the action of one mol. of sodium ethox 
as one product, the process being « 


y cd 
] 


| phe neto 
C,HySO,Ph 


7H, 


t NaOFt CH 


OO.F¢t 


( O,kt NaOPh C,H, SO, 


two mols 


case the 


of sodium ethoxid 


econd reaction is 
O,Et NaQOkt 


! reduced diphenyl-2 : 2’-disulphon 
1 by aqueous-alcoholi 


formed by the 


oxidisec 


latter 1 actior 
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disulphonat 
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phon 


Part l. 1665 


ilc. 68-05) (yield, 22%) (Found 
N Infrared band 
2650 A (2-39) 

The reac 
76-5", 


6-0° ; 


at 


tion required 3 hr. 
from light petroleum 
H, 6-0: N, 94%) 
3-56), 2600 A (3-90), 
Reaction in benzene required 
207-—208° (Found: ¢ 
Cl, 27:3%). Infrared 
1-40) or 
78), 2590 A | 


Infrared 


x © 


I 
\ 
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com 
2-26) 


‘ 
yveizmann 
ent 


Institute ience, 


disulphonic Acids and Re lated Compounds, 
The Diphenyl and the Ditolyl Series. 


RNER., 


wcid are more 


»benzenesulphonate than 


ictive Sci 


m-mercaptotolue 


pn 


iodohe« nzenesulphonate 
ion of 4 4°-cli 
recorded 


t contributing much to 
tability, left unsolved a 
tigation 


j 


are addressed 
action of copper powder 
nate and copper sulphate is 
formed, some of the 
into the iS 
izenesulphonate, which 1 
diphenyl diphe nyl-2 : 2’ 
it is converted by boiling 
be noted that ern 


\ toluen p 


iodo 


rer way eric 


di 


and 
ulphonate 


’ 


LOOP!) 


ORt 


1 
i} 


etole is detectable 


2’-dimercaptodi 


lic disulphide 


acetic acid on the 


ve 


lymarego and Turner: Diaryl-2 : 2’-disulphona 


dgichioride, and that ie di uiphide, and the cycli thiolsulphor ate obtaine 
xidation,' both give dibenzothiophen when they are heated with copper powde1 
iumination 6 : 6’-disulphonic acid (cf. Limpricht* and Helle ® 


” )!’ a 


2’-disulphonic acid is obtainable rhe sodium salt of this acid 


yidipheny! 


QD 


| to react with a mixture of phosphorus pentachloride and phosphoryl] chlorid 
pproximately equivalent quantities of the disulphos dichloride (I) and t 


anhydride (I] rhe disulphony] dichloride is reduced by zinc and acid to t 
hiol, an alkaline solution of which reacts with 1l-chloro-2 : 4-dinitrobenzene to 
4-dinitrophenyl sulphide) Ihe dithiol is readily oxidised to the cy 
le, which is also formed from (I) and (I1) by reduction with hydriodic~acetic a 
nd (Il) are converted by aqueous alkaline alkali sulphite, followed by acid 
to the cyclic thiol ulphonate (L111) which is also obtainable by oxidation of t! 
Phis disulphide, when heated with copper, passes into a dimethy 
which could be either (LV) or (V) Ihe product is identical with that 
the diazo-derivative of 2-amino-4: 4’-dimethyldiphenyl sulphide and 1 
The two specimens of cyclic sulphide (LV) of different origin wer 
» identical sulphone 2 : 2’-Dihydroxy-5 : 5’-dimethyldipheny! was obtained | 
its dimethyl ether, but it could not be converted into a dibenzothioph« 
phosphorus pentasulphide (cf. Gilman and Jacoby °® 
phenyl 4-iodotoluene-3-sulphonate with copper, phenyl 4: 4’-dimethyldi 
isulphonate is obtained This ester is converted by boiling n-butanoli 
itoxide into sodium 4: 4’-dimethyldiphenyl-2 : 2’-disulphonate, and thi 
phosphorus pentachloride, gives 4: 4’-dimethyldiphenyl-2 : 2’-disulphony] 
p. 183-184", not 117—118° as stated by Barber and Smile According to 
the disulphony! dichloride was reduced by zinc and acid to m-mercapto 
eemed to us to be totally at variance with our knowledge of the 1 : 1’-di 
we have re-examined the compounds concerned. The action of copper on 
olution containing copper sulphate and sodium 4-iodotoluene-3 
not give appreciable quantities of sodium 4 dimethyldiphenyl-2 : 2 
fhe bulk of the material is unchanged and the rest is convertible | 
pentachloride into 4: 4’-dimethyldiphenyl-2 : 2’-disulphony! dichloride and 
ulphonyl chlorid he latter is evidently the source of the m-mercaptotoluene 
er and Smiles isolated. We find that the dimethyldisulphony] dichloride can 


d to a dithiol, which however readily undergoes oxidation to th: 
line solution of the dithiol ( with l-chloro-2 : 4 
{-dinitrophenyl sulphide 
vives 2: 7-dimethyldibenz 


innalen, 1891, 261, 310 
1, 1892, 270, 359 


| 
peat 


modified 


tirred solution of sodium ben zene phe in water (100 ml.) 
% copper sulphate solution coppe1 nz was added After 24 hr. 
ixture was filtered The filtrate was evapora ir ind the white residue was 
it 120-—130° and treated with an equal wei ph horus pentachloride. Benzene 
| chloride was identified by conversion i 1e mide, m. p. 153 he 
nyl dichloride, crystallised fror u u | p. 142-144 
138°) (yield, 2-9 g., 12° | 
2: 2’-disulphonate j phony! chlorid , 1 mol.) in dry 
heated with phenol 2 g obtained in the usual 
ed from ethanol in needles, m 
\dobenzenesulphonyl chloride (132 5 ne | vith phenol 
im carbonate (1} mols.) on a boiling-wa ! 1 for Phenyl o-t 
tallised from ethanol in needles, m,. p. 9% 142 2., 92%) (lound 
88. C,,H,O,IS requires ¢ 35-2 89° 
{ eated in a metal bat 
it such 
phenyl es was extracted wit! dichlorob ind the product obtained 
It crystallised from ethanol in need | 27 ; 70 @., SI Found 
CasH,,O,5, requires ¢ 


A 


Diphenyl diphenyl-2 ‘ , i olute ethanol 


treated wi solution of im han 150 ml hye 
boiled under reflux for 2 h1 te rhis wa 
ind dissolved in water (100 ml.), the sol icidified with dilute hydrochlori 


r)} ] 


enol extracted with ether Th que iyer, after ireful neutralisation with 
lium hydroxide, was ev: ra t | , The residue 18 pg with 
phosph itachloride gave a disulphony! dichl n. | 144°, mixed m. p 
142 
2 es 8) phenyle ne Di phide (Diben t phe 2’-disulphonyl dichloride 
0-9 in hot glacial acetic acid (10 ml.) was adde« W lriodi 1 (20 ml.), and the 
olution left at room temperature for 24 hr Phe solid | ‘ vashed with aqueou 
ulphur dioxide; it crystallised from glacial acetic acid llow need 0-4 g., 55%), m. 5 


113-—-114 > or mixed with the disulphide obt f é ion of the dithiol with ferri 


Diphe nyl-2 : 2’-thiolsulf 
rhe thiolsulphonate (1 g.) 
Extraction with ethanol gave dibet | } 5g } p. 100 Lhe 
vith dibenzothiophen obtained by imilar tre ot 3 y henylene di ulpl wie 
lhe thiolsulphonate was obtained fr lisulphid ield by oxidatir 
trated nitric acid in acetic acid 
Dimethyldiphenyl-2 : 2’-disulphona | i modification of 
by Limpricht* for diphenyl-2: : or void olidine-6 + 6’-d 
111-6 g., 1 mol.) was suspended in water | | i lisec! with a solution 
<ide (16 g. in 20 ml. of water Diaz ‘ ‘ ried t tx 5° and 
the tetrazo-salt decomposed rapidl 
vas added to the cold solution 
120 ml., and ice 600 g 
filtered off, dried betwee 
lition of copper bronze (1 g.) tl 
ind the residue dissolved in water | Yo aque 
boiled with charcoal, filtered nee ! | coolit 1¢ sodium 
yield of anhydrou ult 
2’ - disulphor Dich ] ] 2’-d hon inhydride 
2’-disulphonate (+ I is gro vith phosphoru 
mixture did ( ( I r-water bath 


as added 


1668 Armarego and Turner: Diaryl-2 : 2'-disulphonic 


nd dissolved in hot benzene. On cooling, the anhydride crystallised in rhombi 


234-—-235° (18 g., 27%) (Found: S, 19-5. C,,H,,0,5, requires S, 19-8%). The 
vas concentrated to a small volume by distilling off the benzene at a low temper 
acuum, The disulphonyl dichloride crystallised in needles (24 g., 28%), m. p. 227 
ed m. p. with anhydride, 195—199°) (ound , 17-1, CygHy,0,ClLS, require 
Both substances were recrystallised from acetic anhydride 
yl 5: 5'-Dimethyldiphenyl-2 : 2’-disulphonate.-This was prepared in the usual manner 
ihydride or disulphony! dichloride but with dry pyridine instead of sodium carbonate 
e latter the original material was always hydrolysed to the disulphonic acid The ester 
y sti d from n-butanol in needles, m, p. 189-~191° (Found: 5S, 13-2. C,,H,,O,5, require 
12-9% 
5 : 56’-Dimethyldiphenyl-2 : 2’-disulphonanilide.—This dianilide was obtained in the usual 
er from the dichloride, and crystallised from n-butanol in needles (27%), m. p. 234-236 
und: S, 12-9. CygH,,O,N,5S, requires S, 13-0%). 
)'- Dimethyldiphenyl-2 : 2’-thiolsulphonate '’ (2 : 9-dimethyldibenzo-o-dithiin 5 : 5-dioxid 
obtained by shaking the anhydride with alkaline sulphite for 6 hr. at 80-—100°, and 
acidifying the solution with dilute mineral acid. It crystallised from n-butanol in 
p. 146-—-147° (45%) (ound: S, 23-2. C,,H,,0,5, requires S, 23-2%). Similar 
obtained with the disulphonyl dichloride. 
Dimethyl-2; 2’-diphenylene Disulphide (2: 9- Dimethyldibenzo-o-dithiin), 
phenyl-2 ; 2’-disulphony! dichloride (7-6 g.) in boiling glacial acetic acid (120 ml.) was 
5Y, (w/w) hydriodic acid (80 ml.). An oil separated 
d from glacial acetic acid in golden-yellow plates, 1 p. 88—89° (3:3 g., 69% 


, lich; 
which on cooling solidified 


ir conditions the anhydride gave the disulphide, m. p. and mixed m., p. 89-90 

n Che disulphide (1 g.) in boiling glacial acetic acid (15 ml) was slowly treated 
with concentrated nitric acid (20 ml.) rhe solution was kept for 3 hr. but no solid separated 
[he mixture was poured into water (100 ml.) and the white thiolsulphonate that separated was 


filtered off and dried; it crystallised from n-butanol as needles, m. p, and mixed m. p. 144—146 


methyl liphenyl > lithiol and the 2: 2’-Di-(2 4 nyl alt hide 
limethyldiphenyl-2 : 2’-disulphonic anhydride (7-6 ¢ 1 boiling glacial acetic 
is rapidly cooled to 15° in order to avoid hydrolysi Zinc dust (12 g.) was ac 
concentrated hydrochloric acid (20 ml The acid was added at such a rate ; 
perature below 20 Then the mixture was heated on a boiling-water bath 
had dissolved The solution was concentrated to 150 ml. in vacuo, poured ir 
and acidified with 2n-hydrochloric acid (400 ml Che oil which separated 
tilled, and the distillate extracted with ether, dried (CaCl,), and freed from ether 
idue had an unpleasant odour and did not solidify. This was the dithiol as it wa 
ein alkali, It was dissolved in ethanol (15 ml.), made alkaline with 10% aqueou 
“ide (2 ml.), and mixed with a solution of 1-chloro-2 : 4-dinitrobenzene (2 g.) in 
rhe yellow solid disulphide suddenly separated, It crystallised from 
butanol in golden-yellow needles, m, p. 230-—231° (0-9 g., 20%) (Found 5 
, requires S, 11-1%) 
reduction was repeated but with the disulphonyl dir 
with alcoholic ferric chloride gave 5: 5’-dimethyl-2: 2’-diphenylene disulphide 


‘ 


hl ride, a 


ldibenzothiophen (Ring Index No, 1743) a) 5: 5’-Dimethyl-2 : 2’-diphenylene 
was thoroughly mixed with copper bronze (2 5 ind heated at 250-—260° { 
residue was distilled in a vacuum and the distillate crystallised, on cooling, 
e dibensothiophen which, recrystallised from light petroleum (b. p. 60—80 
122° (1-4 g., 80%) (Found: 5, 15-3. C,,H,,5 requires 5, 15-:1% 
illinane, C. Davie and G. Davies’ for the similar synthesis of 2-nitrodibenzo 


4: 4’-Dimethyl-2-nitrodiphenyl sulphide was prepared in the usual manner from 


trotoluene, 4-mercaptotoluene and sodium ethoxicde The base obtained by 
of the nitro-sulphide with tin and hydrogen chloride was an oil and was converted 


the thiophen (yield, 0-5 g., 11%), m. p. 120—121 1m. p. with above thiophen 


thiophen 1: 1-Dioxid 2: 8-Dimethyldibenzothiophen (0-25 g., from 


ind Davies, /., 1936, 1435 
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pt below 210°, The rea 
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(Found: S,-80 
2-i;odo-5-methylbenzenesulph 
(100 g.) added slowly, the 
extraction with 
rystallised 


pronze 

by 
from 
>, requires 5d, 
mol.) Was 
product was 


hydrolysi 
is was obtained fron 
It crystallised from glacial acetic 
p. 118°) (Found: 5, 17:3 
heating this substance wi 
1-2: 2’-disulphonate 


ound 2, 13 l 


VIOUS 


the above salt 


el 
Mi) i 
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containing 6” 
for 3 hi 


100 ml 
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im toluene-m 
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nh: 6-di 
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rystallised from 


responding 
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d readily to th 
“| from a large 
(Found: N, 9-6 
r, had 
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dissolved The resulting 
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lophenyl Disulphide lodobenzenesulphon y orid é 1 mol 
treated with hydriodic acid (20 ml 10 mo! | left at room 


dh I 
ge quantity 


Ihe disulphide separated and crystallised fron 


i 


(1-4 g., 83%), . 135-—136° (Barber and Sn ive » 133 


to Imperial Chemical Indu 


! VERSI1 i” Loni 


The Preparation of Nitrosoalkanes from Alkyl Nitrites. 


sy B. G. GOWENLOCK and J. TROTMA) 


very possible ( 1 sf , and one (¢ , mits ysoalkane |} nit red pyroly 


been 180 
the 


limer is possible. trans-Dimers have been detec l in the oduct 


rwhen the cis-dimer is heated, and in two ca 
detec | n he product 


from alkyl nitrites in a flow system, and the 
except that of 2-methyl-2-nitrosopropane where sterically only 


‘ ns-dimer ha 


isolated. Nitrosoalkane dimers have been 
d by photolyses of alkyl nitrites. ‘The ultraviolet and i d absorp 
pectra and other properties of the dimers are disc and possible 


for the pyrolyses of alkyl nitrites are formulate 


1,2 or detect in the photoly is product 


es have been either isolated 
Irom the photol 


| nitrite Dimeric 4-nitrosohepta as been isolated 


n-heptane, nitric oxide, and chlorine mixtures, the reaction sequence being 


( { 


if 
pttols 


atoms are produced photolytically from chlorin 


photolysis of fert.-butyl nitrite * has shown that 
methane, geometrical isomerism being the mo robable explanation of 
yielded nitros« 


ported, Although photolysis of a number of alkyl nitrite 


J 
or unidentified nitrosoalkanes,*? it has been generally assumed ® that thermal 


of alkyl nitrites is best represented by t 


recent study of the p 


ire two different dimer 


the 


re 


lief Hi,°O- 8) 


il reaction being 


ald hyde by. anon 


+} 


i) 


t reactions of the alkoxy-radical proaucn 
Ihe majority of the studies have 
order of 100 mm., reaction temperatures of abou and reaction time 
inute With the possible exception of methyl! equations quoted 
no quantitative significance : in other cas talitative identificat 
and/or alcohol is at best sketchy, and thi 
of that exp ted from the amount 
uggested that the nitric oxide prod 


tatic methods w 


nitric oxide obtaine 
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Metzger, Chem. Ber., 1955, 88, 165 
| Trotman, J., 1065, 4190 
mic and ree Radical Reactio 
uw, Proc. Ro 0c., 1934, ‘ 
rravers, tbid., 1937, A, 156, 495; 
1034, 2, 345; 1935, 3, 3 
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Nutrosoalkanes from Alkyl Nitrites. 


1 
| 
I 


kyl radicals resulting from the 
formed 


Ca 


tion of pentyl nitrite, which ‘ vailable « mercial] ill nitrites were 
iction of nitrous acid on the corr | te Ol The alcohols were 


ymmercial products apart from hexan-2 ol, 3-methyl itan-2 13: 3-dimethylbutan-2-ol 


t 
i 


were prepared from acetaldehyde and the app: iate Grigna gent rhe nitrites 
bulb-to-bulb distillation in vacu id pyrolyzed in iratus used for 
itrite ‘ with the reaction vessel at 320 Vitrites t yielded nitrosomethane 

ed in the presence of nitrogen (used a carris whereas other nitrites were de 
he absence of a carrier gas by mpin he itrite vapour through the reaction 
optimum yields were the criterion of technique employed. Decomposition products 
decomposed nitrites were trapped at either i 183 During every decom position 

increase in pressure was observed; admission of au he apparatus gave brown vapour 
this increase was due, in part or in whole, t tric oxide which is not completely 
iquid oxygen. The cooled traps cont l ids coloured from yellow-brown to 

addition, undecomposed nitrit« id carl mpounds were also trapped a 

On warming to room temperature I Inde nposed nitrites and carbonyl com 

r than polymeric formaldehyde melted 1 ntly yellow liquids the coloured 

d to liquids of the same colour which rapidly cha d to white solids (cf. refs 4, 9 
itrosoalkane from tsohexyl nitrite was of low spour | ure and condensed to give a 

lid above the level of the acetone in the 78° b hat surrounded the trap. When 
polymeric formaldehyde was deposited in the cooled trap, it was always separated from the 


nitrosoalkane deposit by a few cm., the (CH,O), dey 
rhe undecomposed nitrite and volatile carbonyl compound were pumped off from the solid 


ving nearer to the bottom of the trap 


lest 


nitrosoalkane dimer and trapped in a receiver cooled ip liquid oxygen Volatile carbonyl com 


pounds proved to be either acetone or acetaldehyde a ‘re identified as the semicarbazone 
or dimethone respectively. Polymeric formaldehyde was removed from the trap wall by a 
patul it ha . 170° and a dimethone derivati vas Pp red M. p.sand mixed m, p.s 
were : i ye semicarbazone, 187°; acetaldehyde dit hone, 140 formaldehyde dimethone, 
189 Dimeric nitrosoalkanes were purified from any i eric oxime either by dissolution in 


ethanol, rapid cooling to 78°, and filtration of the white solid formed or, where high solubility 


in ethanol at 78° made this impossible, by shaking wit! 30°, filtration, and washing 
30°) ether In both cases, white crystalline solid ulted; it was necessary to 


pump off all traces of solvent under a vacuum L hie ntified pyrolysis products are given in 


Pabl rhe dimeric nitrosoalkanes prepared by ( niques are, with one exception, 


TABLE | Pyroly 


0 mpound ‘itrosoalkane rite , Vitrosoalkane 
CH,O), Me*NO lel y PresNO 
HyO)n Et-NO Me,] . steNO 
VMerCHO Me:NO \ 
{ H,O), PraeNO 
Et-NO 
PreNO 
Me-NO 
Bu®NO 
jul-NO 
Gray (Chem. and Ind., 1955, I j } f tI Line irbon 
f nitrites so marked 
in H,O) varying from 265 to : I xception is dimeric 2-methyl-2 
» Amex. (in H,O) 287 mu. Fora detailed su ry of ultraviolet spectra see p, 1673, 
results for the cis-dimeric nitrosoal/ I en in ble apart from cis 
nitrosomethane * aJl are new compound f rw » determined cryo 


j venzophenone 


Gowenlock and Trotman: The Preparation of 


cis-Dimeric 


nw 


9 

.* 
LO-t 
16) 
lO 
10 


Faint blue colour appeared during determi 


—— 
aac & 
oC a 


{ cis-Dimers into trans-Dimers.-—-The method established for nitrosomethane * 
the cis-dimer in chloroform, warming, and recrystallisation) was inapplicable to 
ines owing to the production of monomer (blue colour) in chloroform, with sub 
ction of the oxime; in addition, the trans-dimers were very soluble in chloroform 
method was therefore employed. The cis-dimer was rapidly heated to a few 
the m. p. and then cooled rapidly to room temperature rhis process was then 
r three times. The resultant white solid was dissolved in a few ml. of ether and 
whereupon a white solid was deposited. ‘This was rapidly filtered off in the 
hed with cold (—78°) ether. The white solid was then allowed to warm to room 
whereupon in most cases it changed to a liquid (either melting or dissolving in 
ether) below room temperature. Stable white solids were formed in two cases, viz 
eric 2-nitrosopropane, m, p. 62° (Found: C, 48-8; H, 9-5; N, 19-0%; M (cryoscopic in 
n¢ 143. C,H,ON requires C, 49-3 H, 9-7: N, 192%: M 146 and trans 
thyl-1-nitrosopropane, m. p. 40° (Found: C, 64-4; H, 10-1] N, 15-99%; M (cryo 
benzophenone), 176. C,H,ON requires C, 55-2; H, 10-4; N, 161%; M 174) rhe 
lucts were not analysed trans-Dimeric 2-methyl-2-nitroso ine was isolated b 
cation technique used for cis-dimers; it had m, p. 70° (lit.,“ disappears at 76°). 
t Absorption Spectra Absorption spectra were measured as for nitrosomethane 
vere water, ethanol, ether, and carbon tetrachloride. Organic solvents produce 
dimer from the cis-dimer,* this reaction being so rapid in carbon tetrachloride and 


4 


ly Awmax, Of the trans-dimer could be observed. In ethanolic solution, the ? 
limers increased with time and consequently speedy measurement was essential 


merisation varied; isomerisation was complete in 1 hr. for the 1-nitrosobutane 


max 


86 hr. for the nitrosomethane dimer (cis-dimeric nitrosoethane and 2-methyvl-! 
pane were of the same degree of stability as cis-dimeric nitrosomethane). Absorption 
e given in Table 3 In each case where the pure trans-dimer has not been prepared, 
etermined for the product obtained on heating the cis-dimer to the m.p., cooling 

m. p., and cooling, the process being repeated until 4,,,, reached a maximu 
repetitions were necessary.) 
n of trans-Dimers into cis-Dimers Ultraviolet irradiation of aqueous or ethan 

: trans-dimers altered the 2,,,, to that characteristic of the corresponding cz 

he case of trans-dimeric 2-methyl-2-nitrosopropane \ © Amay, WAS unaltered 

yur was observed for solutions of the cis-dimer which had been heated to give a 

ilue, which we claim to be that for the trans-dime! Irradiation was 
(00 lamp placed 6 in. from Unicam silica cell containing the solution, irradiation 
n. Conditions were such as to give a lower limit for ),,,, an ily small amounts 

lysis of the pure évans-dimers under conditions similar to those used for trans 
methane * gave coloured (yellow-brown to blue olids in the liquid-oxygen tray 
room temperature these became white solids, wh« ; ption spectra (in H,O 
] 


of the pure ct dimer (Bu) or of the cis-din light ntaminated 


with the 
Every nitroso-dimer gave the diphenylamine-concentrated sulphuric a ; 
f Alkyl Nitrit Photolysis was effected in a 250-ml]. transparent silica bulb 
ned about 1 ml. of the nitrite. The liquid was shielded from ultraviolet light, and 
vas irradiated by the Hanovia lamp with either an unfocused or a focused beam 


ise, the lamp was pl 6 in. from the bulb ] t! ynd, the focusing agen 


itainin vate! Irradiation times for the ur wed b were 10 
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bulb 
Product analysis was confined to 
sorption spectra in ether and water. The value ir 


max. 
ind the value in water was regularly 1—-2 


I he 


and the product was either an oil or crystals 
the unfocused runs. 


aikalit Amax. 


T 


TABLE 3. 


In H,O In EtOH 
~ ‘ 

log € 

1-00 

4°03 

4-02 


1-04 


4-02 
4-01 
4-06 


04 
401 
4-02 


3:98 
n pe decreases with time 
very rapi y to give Ay, 204 mu 
dimer determination 
of the 


nh Of i on aq 


wcteristic ponding trans-dimer 


corre 


is-dimer (except in the case of the focused photo is of 


trans-dimeric nitrosomethane, m. p. 122°, were formed 
lution altered the + max. 


solution altered it to that characteristi 


t the s 


of this 


of the & 
ime nitrosoalkane was formed in bot 
(Photolysis of 


indicate tha 


ition of the alkyl nitrites investigated. 
nitrite was not attempted.) 
small 
of Blue Col 


limeric 


ilkane ere always and 


there was always « 
Solvents.—No dimet 
nitrosopropane was 


f11on 7 


2-methyl-2 


in 


in that it gave blue solutions in organi 
tran 
di 


nl were 


dimeric 2-nitrosopropane not 
in organic 
The cis-dimers, with 
nitrosomethane,* gave blue col 


tya? ail 


on olution solvents : mome 
heated 


and 


opane 

hich colour rapidly faded leaving a col 
| on dissolution in carbon tetrachlorice 

hloroform, ethanol, and acetone solut 

ypane gave blue colours in the abov 

he blue solution faded on cooling, lk 

l Absorption Spectra (carried out by 


mands (cm.*) were measured on a 


Tu 


k, m medium, s strong, vs 


trans-Dimeric 2-methyl-1-nitrosopropane 


7s, 1321s, 1802s, 1226 1174 m, 
2-methyl-1-nitrosopropane 3068 nm 

1302 m, 12568, 1215s, 1177 m, 11 

780 s, 683 s. 
propane : 
1086 w, 


104 Mm 


$89 $22 w 
3004 5, 
1042 mn 


2007 


1026 


Alkyl Nitrites. 


value to that characteristic of the pure cts-dimer 


Photolysis was not further i 


lourless 


167: 


mperature increased slightly during 
the measurement of the ultraviolet 


1 ether indicates the formation of nitroso 


my higher than the value for the pure 


Ultraviolet absorption (wavelengths in my). 


ethyl nitrite, when pure cry itals of 


brief of the 
subsequent heating 


values obtaimed 


radiation aqueou 


I he Amex. 


and photolytic decompo 
ypyl and 1; 2 


itigated 


dimer 


2-trimethylpropy! 
as the yields of nitroso 
ction of oxime 
colour 


the 


in aqueous olution, 
fre 


ym other dimeric nitroso 


to production of the monomer 


2-methyl-l-nitrosopropane gave blue 


rations were ob erved when 


eption of dimeric 2-methyl-1 


olution in benzene, toluene, and 


Very faint blue colours were 
solutions became blue on heat 
aime 


the 


cts-Dimeric 2-methyl 


when sOlution in 


was heated, 
ution 

he following infrared ab 
im Spectr sphotometer 


ium bromide disc techniqu 


1475 m, 1422 m, 


090 w, 957 w, 940 w, 


1395 m, 
887 m, 


9R2a9 


1600 
1042 


14645 
963 w 


1431 s, 
wv, 10908 951 m, 


1391 m, 1339 m, 1311 
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DISCUSSION 
tic production of nitrosoalkanes from alkyl nitrites can be generally repre 
q lation 
. om Rs NO RK, () 


ikyl group that contains more carbon atoms than the others (R, and R, 
ydrogen Such an equation accounts for our major products: it has not 
jected to a thorough quantitative test If radical reactions occur, then the 


cheme to account for our products 1 


> kK, 
eK 
> KyNO 


wn that reactions (1) and (2) are endothermic by about 37 and 14 kcal. /mole 
rherefore, unless reaction (2) has a reduced frequency factor, R, radical 
ent in approximately the same concentration as nitric oxice It is known ?° 

tion (4), v1z., 
Ry + Ry —» RR, ‘ 


] i 


3) under our reaction conditions when R, Me and we have pointed out 
result in the production of about 100 moles of ethane per mole of nitroso 
probable that the ratio of the rates of reactions (3) and (4) will be similar 


dicals, and consequently unless the molecular decomposition (5) 


R,R,R,C*O-NO > Ky NO + R,R,CO ) 


] 


these pyrolyses would be expected to yield large amounts of nitric oxide and 
juantit of nitrosoalkane It is possible that Steacie’s ® mechanism holds at 
ures than ours and that nitrites can have two different activation mode 
ld correspond to different energy distributions within the vibrational and rotational 
freedom at different pressure If this does not occur, the close agreement b« 
icie’s © activation energy values and D(RO-NO) ” is fortuitous, and Gray’s 
m 7° of chemiluminescence in ethyl nitrite decomposition must be ascribed to 
nescence of the nitrosomethane or its decomposition product Preliminary e% 
with benzyl nitrite indicated that no nitrosobenzene was formed on pyrolysi 
ntities of nitric oxide were produced, and benzaldehyde was also formed. Similar 
yl and methyleyclohexyl! nitrite gave no nitroso-compound on pyrolysis, suggest 
production of nitroso-compounds depends on the nature of the groups R,, R, 


1 
I 
( 
j 


yperties of dimeric 2-methyl-2-nitrosopropane provide a test of the cis—tran 
in dimeric nitrosoalkan¢ We have already noted that the bulky /ert.-alky! 
ld make the formation of a cis-dimer unlikely, if not impossible, owing to steri 
‘ The pyrolytic production of the monomer and its subsequent dimerisation 
eratures give a dimer, the ultraviolet absorption spectrum in water indicating 
guration. Irradiation of this solution produces no change in Amax,, again 
at the cis-dimer cannot be formed. The trans-dimer dissociates in organi 

: a blue solution (monomer); '' this corresponds to a gradual decrease in the 
ether at 295 my until this absorption maximum disappears, and a continual 
absorption at 675 my, reaching a maximum wh the 295 mu peak di 
behaviour is independent of the method of preparation, the pyrolyti 
the product from controlled oxidation of tert,-butylamine '' giving identical 
uction of the monomer on dissolution of some of the cis-dimers in ether can be 
1 the extinction coefficients obtained at the absorption maxima in ether 
isomerise in ether to the trans-dimer, cis-dimeric nitrosomethane and c1: 
yl-l-nitrosopropane producing no monomer For the former, the cis-dimer 


j 


cligma Chem. Ber., 1903, 36, 685 


teacie, |, Chem. Phys., 1952, 20, 582 


Niutrosoalkanes from L675 


ble to allow log e« to be measured; for tl] atter, the log e« values are identical 
to the oxime 


for the two dimers. Where monomer production occurs, isomerisation 
imer and a low log e value for the 


would then be possible, leading to some loss of tran 


dim Examination of Table 3 suggests that so oxime formed after monomer 
dimeric 2-nitrosopropane is « \ in as the log e value is 


ian for the pure trans-dimer. It i 


C1 
xime is also produced from the 


lime 
trans- are more volatile than the cor 
|-2-nitrosopropane is very volatile. The cis- are more soluble in polar solvents 
han the trans-dimers; as the size of the alkyl group increases, the solubility of the ca: 
dimer in solvents of low dielectric constant increase 
Its * for the photolysis of alkyl nitrites differ slightly from ours, mainly for 


larte’s result 
nitrites containing m- and tso-alkyl groups. The differences, which are probably due to 
Table 4 


rarte’s inadequate analytical technique for nitrosoalkanes, are summarised in 


res] ling cis-dimers, and trans-dimeri 


ABLE 4. Nitrite ph 
Our product Tarte’s product Kk Tarte’s product 
No nitroso-compound A nitroso-compound 


‘NO 


as yet no satistactory « xplanatior for the differences in the properties of tran 


nitroso-compound With halogenated nitroso-compounds, either the dime 
nt or it readily depolymerises in organi rhe dimer does not exist 
halogen atoms are bonded to the a-carbon atom (e.g., CF,*-NO ™), when two 
are bonded to the «-carbon atom (¢.7 {,*CCl,*NO ™), or when one halogen 


to an a-carbon atom that has no hydrogen atom (e.g Me,f BreNO *) 


[he dimers exist when one halogen is bonded to a 
(CHMeCINO), 15) or when the halogen } mded to a 6-carbon 


atom |¢ 
ClCH,*CMes*NO), 13), Such effects are attributabl » alteration of the inductive effect, 
ilsion between the two positive ly 


which when operating to its full extent can produ 
N bonding forces It is however 
ilkyl groups, all of which 


itor that carries an a-hydrogen 
atom |é.Z., 


> 
{ 


charged nitrogen atoms sufficient to overcome the N 
difficult to apply such ideas to the case of dimers containing tert 
produce the monomer when dissolved in organic nts, without predicting similar be 
haviour containing primary and secor ukyl group The effect of other 

e.g., NO,, Ac, CH,Ac, is also difficult «plain. Energies and entropies of 
ctivation for monomer produc tion are needed befor: dequate theory of the dissociation 


can be formulated 
infrared absorption data follow the pattern of previo easurements. The trans 
ited has its strongest absorption at 1225 cm.~' and is thus similar to the 
previou ly measured,” * 1 the ab orption being d to the N-O stretching 
nvestigated have their strongest absorption bands at 1393 and 1437 cm."! 
1399 cm.~! band which we identified with one of 
dimeric nitrosomethat ‘urth tudies of the infrared 


crs-dimers are requir ignment of the spectra 


thanks the Department of Scientif earch for a Mainten 


M t.C. Flett for the infrared de 


ink Imperial Chemical Industries Limited ‘ fa Unicam Spectro 
te j ind } H Whiften for 


of the inte rpretation of the infrared spectra 
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ire presented for the swelling of some i 
id dioxan-water, and for the distribution 
ind resin phase Phe 


columns is illustrated by 


In acetone 


between the 
use of partition ¢ on 10n 
some experiment ili-metal 


r pape! 1 it wa reported that when aqueous acetone 
resin the 


acetone distributes itself unevenly betwee 
ynmunication describes the experiments from which t 
me consequences and applications of solvent 


contact with a 
two pha eS 
it was taken 
exchange syst 


he CPERIMI 
vial Lhree sulphonated polystyrene resins, cro 
venzene, were used. They were of 60-——100 mesh a 
y hydrogen resin. They were cycled three tim 
hydrochloric acid, and after complete conver 
ynustant pli with conductivity water and air-ds 
drying over phosphorus pentoxide in vacuum 
experiments, was treated in the same way It 
city of 5-23 equiv. per k 


of dry hydrogen re 
00-250 mesh It 


VAS { na similar 


i 


Lnalal qu ulity, wa | lcilum ulphate for 48 hours 
tilled The distillate was stored in a dark bottle p1 
refluxed with sodium 
as stored in the same 
m chloride 


A dried over freshly ignited 


ted by a calcium chloride 
K dioxan wa 


ind fractionally distilled Che fraction boiling 
760 mm. w way solution 


was prepared from lithium carbonate 
nductivity water. 


vere made up by weight 


that had | 1 recrystallised four 
Che other salts were of Analahk quality 
Approximately 2 g 


wer equilibrated with about 
crucible was then remo 


hi x periments 
ucible, 


Lhe 


of sulphonx ch contained in a 
Vater for 24 hr in 
ved, and the l ternally dried by a gentle 
period fixed by preliminary experiments ; I ifter which the rate of lo 
nall constant value The COMPpOSsI1LLO! ie ¢ rl il olution was deter 
ty measurement at £ Phe 


a 


resin wa h i! 1en washed free fron 
iter The acetone in ulting solution by Tomada’ 


reproducible to withu 


' The whole met! eparation and 
dominantls aqueou vents were used : j | ch in acetone the 
lainly to the surface drying technique, wa » 

catalytically decomposed by strong 


in-water mixture were 


ibout 5 2. of Dows 2 


base x periment 
chosen for 
in the 
resulting solution was found b 


tudy rating app 
chlonde form b concentrati 
y measuring the re 
odium light The concentrati was obtained | 
being made for the original moisture content resin Con 


de termined graph enabled the concentratio! 


but the overall error in the equilibrium measu nts was as much as 
ich in dioxan 


the latter in ; 
meter at 25° with 


be estima 


kaxperiment of Zeo-Karb 225 micr ea he ogen form 
rry into a Py! y s} tube, | cm, in diameter, a form column 100 
1 sintered-glass di he glas umn \ t : 

igh [ l 
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the resin face a polythene disc was used to break the 
tioned by passing through it 100 ml. of 80°, acetone 
g up to | milliequiv. each of lithium, sodium, : 


led, and formed a pale band at the t 


e 
W 


containin 


ac Dp 
1G) } 


water was then run through the 


detected in the eluate (flame test) 10-1 
steam-bath 


determined in this soluti 


The residues were he 


by titration with 0-05Nn-silve: 


LiKaAd) 
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Fractionation 10 ml. of In-lithium ch 
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r KO et 
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+} { 
e il vel 
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[he column was condi 
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where p is the partial vapour pressure of acetone over a solution of 
and activity coefficient /, and pp is the vapour pressu pure acetone 


ere then combined with our results by the equation / N 


linked 3 


} acetone 


s-linked resis 


aceton 


, Lquilibria Ihe results are in big rl hows thi aAlnie general 


ling decreases 


diagrams for the acetone—water system he ital swel 
until a molar fraction of 0-5 is reached in t] iil olution: ther 


imounts of both solvents are taken up, and th iount of swelling 
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off rapidly. The plot of water uptake against the molar fraction in the resin phase is 
this time perceptibly curved. The rapid change in the slope of this line must occur 
somewhere below 0-15 g. of water per g. of resin. The capacity of the resin was 3-8 milli- 
equiv./g., so this result means that not more than 2 moles of water per equiv. are strongly 
held by the resin in its chloride form. 

Partition-Exchange Chromatography.—In ion-exchange chromatography of strong 
electrolytes the separation of two similar charged solutes in aqueous solution is brought 
about through: (1) the stronger retention of one of them by the resin, which enables the 
other to pass through a resin column more rapidly; or (2) the formation of unstable com 
plexes of opposite or zero charge, which are unretarded by the resin and therefore influence, 
to an extent depending on their stability constants, the net rate of movement of the two 


Elution curve 


K 
\ ora, 
} 2 a el 
R ts, We Bee ea 4 
100 600 yoo /200 /500 4800 2100 


Vo/ e/uate (m/) 


lutes down the column. The equilibrium experiments ji described show that when 

a resin has been conditioned with a suitable mixed solvent the resin phase is predominantly 
aqueous and the ambient solution predominantly organic, so that conditions for partitiom 
I natography between two phases of fixed compo n are very conveniently set up, 
opportunity arises of using partition effect » enhan he normal separation 
illustrated the possibilities by a separation of im, sodium, and potassium 

in 80°% acetone—water as solvent with 0-7N-hydrochloric acid as eluant. Beuken 
d Rieman ® have used aqueous 0-7N-hydrochloric acid in a successful separation of 
otassium ions on a column of colloidal Dowex 50, and Kayas® has also 
potassium, and the heavier al i-metal ions in aqueous solution 

weak electrolytes in acetone, ion-pair formation increasing in the order 

It was therefore thought probable that the presence of a high concen 


in the ambient solution would increase the rate of flow of lithium salt 


1 Rieman, Analyt. Chem., 1950, 22, 542 
ph 1050, 47, 408 
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n the column and would facilitate the separation and make the conditions for a succe 
eparation less critical. Our elution curve is given in Fig. 5, and Table 2 shows that the 
on procedure is satisfactory. 


TABLE 2 
Lithium lium $Siu 


introduced 0-365 Oils 10 
recovered 0-370 O° 680 p00 


| volume of eluate between our sodium and potassium bands is 600 ml., and is much 
ater than the 140 ml. observed by Beukenkamp and Rieman when using the same 
oncentration of eluting acid It is likely, therefore, that a complete separation would 
be obtained over a wider range of conditions when 80 icetone—water is used instead 
f water as solvent, and that the application of the method to other difficult separatio1 
rena tid 
dissociation constant of 7LiCI in 80%, acetone—wat vi f icantly different 
it of “LiCl the method of partition-exchange would be of great value in the 
of these isotopic specie In the preliminary experiment which we carried out 
/°Li ratios in the first and the final fractions were respectively 11-62 +- 0-03 and 
0-03, which are to be compared with the norma! ratio of 11-52. The enrichm 
nificant, but not very promising. The column was short, and was not used unde 
but the result does not offer hope that 
m-constant difference is a very important factor in the solvent we employed 


ditions of maximum possible efficiency 


+} 


he ion-exchange chromatography cf weak organic electrolytes in water an additional 

introduced in the interaction of the organic solute with the resin.? The use of 

vents to modify the effect of this factor and so improve separatio1 llustrated 
paper 

of Salts from Organi olvent Katzin and Gebert ® have reported that 

lried Dowex | in chloride form is left in contact with acetone solutions of hydro 

cid, or of various cobaltous, copper, lithium, or nickel salts, the resin absorbs the 

almost quantitativel: lor tance the copper and nickel salt 


! 


olution of lithium chloride no longer 

ilver nitrate rhe authors established that the solute molecule as a 

| from the liquid phase, and that the effect was influenced by the nature 

inions present in the system and also by the water content of the 

possible mechanisms (1) that the acid is adsorbed free weak 
hydrolysis during washing) and (2) that the salts might be adsorb 


da 


ed, and an originally 0-2 


charged compl on These explanatio1 are rather difficult to acce pt 
no other evidence for very weak basic groups in Dov l or for the ec 
1 


ially with lithium) that hav € po tulated n the other ha 


| observed might be expected as a consequence of the distribution of 


ms studied Data are lacking for a quantitative test but it would seem fron 


tone 


an air-dried resin of 20°, moisture content wer mersed in pure aceto 
| absorb acetone to give an inner solution with molar fraction of water of about 0-8 


solution remaining virtually pure aceton Distribution coefficients of the 
} } 


100 in favour of the aqueous phase would then expla 1¢ passage of ver 
of a strong electrolyte from acetone solution u he resins in Katz 
x periment: 
nk Dt .. W. Pepper and the Director he ical Research Laboratory, 
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333. The Adsorption of Organic Acid Molecules and their 
} : 


Chromatographic Separation on lon-exchange Resins. 
By C. W. Davies and 


cular adsorption of some 
ind 2 and Amberlit 

Adsorption is even grea resins than on the 

naterials previously stu 
interjerence of adsorption ettect ti parat if mixtures of 
lectrolytes may be entirely over y ice of a suitable solvent 
It is shown that typical mixtur f aliphatic and aromatic 
acids can be quantitatively parated yy ion-exchange chrom 


, dioxan—water as sol 


tographic separation of orga I «change materials has been 


1 Ideally, a seri f aci be displaced from a basic 


1. number of places 
in in the order of their dissociatio al n practice diificulties, that 
d to van der Waals adsory n fore great that, for example, 


work * on amino-acid mixtures arormat ( be removed before a 


of the simpler acids was attempt 


nt paper, adsorption data for le ¢ id mol les on strong-bas« 


rded, and method 


in the 


IE. XPERIMI 
Amberlite 410 was ground and sieved wet; th 20 mesh fraction was used 
Dowex 1 and 2 were supplied as micro-bea 2t ; The resins were 
dium hydroxide follow I iydrochloric ; , and the chloride 
‘ ly washed, dried by suc filter 1 f lad ind then 
toppered bottles. The moisture content 


separate samples in a vacuum oven, ove! 


n were always kept under 


were left in the chloride { 
standardised 
m of air, free 
d (carbon 
ere possible 
ment The resin colum 3 ind 4 in diameter, ané 
in chloride This was nvert to the | roxide form and washed 
ution of the acid run down the column 
Ihe | TOW ft ] { 1 t | | ‘ fj two ¢ 
tinum electrodes 
nt 
not entirely shary j tof A (re I \ (volume 
f A imil 
its chloride for: 
lution necessary to 
ibtracting thi 
which the total! 
!] correction 
id molecule 
concentration ; le exte : 2 in hleride forn 


0-1 milliequi ‘ 
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f 1 any decinormal solution of a weak acid A constant deduction of 0-10 milliequ 
been made from our results, and leads to the values given in Table 1 for the amounts of acid 
‘ bed by | g. of resin in the hydroxide form 
Displacement Measurements A suitable quantity of acid was applied in decinormal solution 
» the top of a 10 cm, regenerated column of Dowex 1. Hydrochloric acid was then run on at the 
me rate as before. When the boundary reached the bottom of the column, samples were 


tutomatically collected, weighed, and titrated with 0-02n-sodium hydroxide in an atmosphere 


i carbon dioxide, The last fractions were also analysed for chloride by subsequent 


titrat ith 0-02n-silver nitrate. Except for the first and the last fraction the concentration 
the « te was constant, and the flat portion of the concentration curve was made to extend 
er at least 10--15 ml, in order to fix this equilibrium concentration with accuracy. For the 


experiments at elevated temperatures jacketed columns were used 


| 
I 
eparation Experiments,—A column containing approximately 50 milliequiv. of resin was 
used, and for the more complex mixtures this was followed by a second, narrower, column, 6 cm 
in height and 0-5 cm. in diameter, A known amount of acid mixture was applied to the top 
mn and displaced with hydrochloric acid as in the earlier experiments, The fraction 


ollected were titrated with sodium hydroxide solution, and the acids present were identified by 


submitting a drop of each fraction to paper chromatography by Hiscox and Berridge’s method,‘ 


In overlapping fractions the amount of each acid present was estimated from the relative size 
if the spot Chis method broke down in the separation of phenylacetic acid from benzoic acid 

iich have almost identical Ay values, and was supplemented by the preparation of S-benzy! 
thiuronium derivatives. The melting points of these, and mixed melting points with pure 
ler t enabled the amount of overlap to be determined 


RESULTS AND DISCUSSION 


Its of our capacity measurements are given in Table 1, which shows the amounts 
milliequiv., retained from 0-1N-solution by 1 g. (dry weight) of strong-base resin, 


Duplicate or triplicate measurements were made for each acid, and did not differ from the 
mean value shown by more than 0-01 milliequiv., except for phenylacetic acid where the 
avera leviation was 0-06 milliequiy 
rABLE | 

Dowex 1 Dowex 2 Amberlite 410 Acid Dowex 1 Dowex 2 Amberlite 410 
345 3°84 3:26 Butyric.. 1-50 4:23 3-91 
| 3-92 4:24 3-80 Valeri 4-58 
‘ 302 4-25 3-61 Phenylaceti 10-4 73 ) 


It ivy be assumed that hydrochloric acid is retained wholly by salt formation, so that 
the hydrochloric acid value for each resin re present the exchange capacity of that resin. 
All the organic acids are retained in greater amounts than this, and the difference i 
uscribed to molecular adsorption. Figures thus derived for the molecular adsorption from 


Ol lution are compared in Table 2 with values previously reported ° for adsorption o1 
| 
PABLE 2 
Dowex I Dowex 2 Amberlite 410 Amberlite 100 Wofatit ( 
0-47 0:40 0-55 
47 0-44 O35 0-16 0-14 
1-05 0-40 0-65 0-54 0-44 
I 70 3°5 2:3 20 1-7 
[he present measurements were designed primarily to study the effect of molecular 


lsorption in column separations, and are therefore not trictly comparable with the 
re ts of the static experiments recorded in the last two columns of Table 2, Indeed, 


Davies and Thomas's measurements of the rate of adsorption ® make it likely, even after 
lowance for the smaller particle size of the basic resins, that adsorption equilibrium had 
not been completely established in our present result Nevertheless, the two series ar 


ind Berridge, Nature, 1950, 166, 522 
ind Thomas, /., 1961, 2624 
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igreement in 
olecular weight, and the striking effect of an aromatic constituent 
basic resins Is always significantly greater than o1 


ults for the basic resins amongst themselves mu 
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howing both the increasing importance + 


attributed to the much greater proportion of carbon in the former 
t be 
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molecular adsorption with rising 
Ad orption on the 
ins, and this can 

Comparisons of the 


{ 


the acid re be 


ome caution, as the 


regarded with 
ind it is possible that adsorption 
bool A000 O-Vo0o? O3244 
ban USO "S60 0- 5080 
ool O-1t 06-2002 0-244 
rll 1520 o-v4ds0 0 4580 
( 704 
U6 04520 
I nt It will be seen that when a 
ipplied developed with hydro 
her entration than the eluting 
th ( i r nceentration Phi 
tr t on a normal adsorbent 
bstance forced down a column 
affinity than any of the component 
hich turn di place each other If 
ul tate reached in which thi 
te, in band uranged in decreasing 
to the colurmn and Aa the distance 
olve I juantity of ce veloper 
ay is the amount of developer 
en the parti of adsorbent per unit 
( el \ ir equation applies 
Ll’ ¢ ty 
I 
, P 
its specific adsorption, 
n excha columns without 
on the column by salt formation 


re 
nberlite sample was much coarser than the Dowex 
t! former was therefore less complete 
lA 3 
lorm i 
1. of elut id 0-05037 0-07 
f el 00-0550 0 
A r 
Concn f eluting ack 06-0504 Ox ( 
ncn f eluate 0-0545 Od 
i 
n ul 0-0504 O- 100K 
te OO580 O-Teoo 
lable 3 contains the results of di places ent | 
basic column, to which a little organic acid ha 
chloric acid, the displaced acid always emerges at a 
icid, and the discre pancy between the tw LS¢ 
also an effect of molecular ad orption 
The theory of displacement development for n 
is given by Tiselius.®© The substance, or mixture « 
of adsorbent by a substance with a stronger adsorpti 
rhis “‘ developer ”’ displaces the other substanc: 
the column is uniform and sufficiently a ste 
components move down the column, at the sam¢ 
Lcds¢ rption affinity If a volume AV is introduced 
moved by a band, AV /Axp AV /Ax, 
lhe movement of the front of the de ve lope r band I 
hye 
M.Ax ay Av. af 
where M is the weight of adsorbent per unit lengt! 
idsorbed by | g. of adsorbent, « is the volume betwe 
negth of column, and Cp is the concentration of 
to each boundary : 
M AW.ay \4 Al , 
ind rearrangement of these equations give 
(AV /Ax *)/M Ay /f 
| centration of each component therefore dep: 
rhis theory does not apply to acids or bases m 
" ation. For strong electrolytes which are b 


alone the ad orptive capacity of the resin i imp! 


o that the effluent (whether separation i 


for all, 

t ie concentration as the ce veloper olutior 
of complications from molecular adsorption or 
ppl} f a correction is made for the undissociated 
the quantity « will retain its original meaning for 


ii 


7 


the exchange « ipacity and is the same 
will throughout have 
yte the absence 
considerations will 
1 by the 


ociated ce 


mpl te or not 


al 
the 


electrols in 


J 


L We 


ameé 
ibsorbec swollen resin ; 


etel veloper acid 
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but must be replaced by «’, which allows also for the absorbed molecules, in the equation 
for a weak-acid boundary. ‘This correction amounts to about 3% for O0-INn-acid of 
dissociation constant 1 x 10°° and so is quite inadequate to account for the figures of 
lable 3, where specific adsorption effects must again be invoked to explain the high and 
varying eluate concentrations. Under these conditions the equation for the boundary 
movement of the developer may be written 


M Ax.4 \x. al D AV Cy or C/Up (Al ‘ Z VM, 


vhere © is the exchange capacity per gram of the strong-base resin; but for the weak 
electrolytes we must write 


M Ax. M.Ax.a, + Ax.a’'C, AV.C,, or (C + a,)/C, (AV /Ax z')/M, 
where 4, is the specific molecular adsorption at concentration C,. If we neglect the small 
difference between « and «’ we obtain 
(C + a,)/! i ( [Cp, O1 a (¢ 1/6 D 1)¢ 
Davi ind Thomas ® found that the Freundlich equation, 4 1.C*", fitted their data 


quite well, and we have therefore plotted our values of log a,, calculated from the equation 


above, against log C,. The points show some scatter, but there is no evidence of curvature 


in the lines and the values found for the constants ar formic acid, A 3:2, n ] -27 
(a =~ 0-54 for ( 0-1); acetic acid, A 3-6, 1-04 (a = 0-39 for C = 0-1); propioni 
acid, A 39, 1:35. As shown in parentheses, these results are in fair agreement with 


the estimates of adsorption made from the capacity measurements (Table 2) 

lon-exchange Chromatography of Acid Mixtures.—Molecular adsorption interferes most 
eriously with acid separation. We found, for instance, that formic and acetic acids can 
readily be separated quantitatively on Dowex 1 or Dowex 2 by displacement with hydro 
chloric acid; but that with a mixture of formic and phenylacetic acids the same procedure 
led to the displacement of the formic acid (the stronger acid), followed by a mixed band 
containing phenylaceti« and hydrochloric acid We have tested three wa‘ of attempting 
to overcome this complication of adsorption. 

Use of a strongly adsorbed acid as developer. Attempts were made to separate acetic and 
phenylacetic acids on Dowex | and 2 by using a 0-1N-solution of naphthalene-1-sulphoni 
cid as developer. This is a much stronger acid than the other two and is also likely to bi 
trongly adsorbed by the resin. The results were disappointing; acetic acid emerged in a 
pure fraction, but it was followed by a mixture of the other two acids. Better result 
might have been obtained by using slower flow-rates and high concentrations of developer, 
but as these procedures would have practical disadvantages this method was abandoned 

Use of elevated temperatures. As a rise of temperature would be expected to reduce 
pecific adsorptions, the adsorption of phenylacetic acid from 0-1N-solution was meas 
it a series of temperatures by the break-through capacity method. The results, in milli 
equi ry, are in Table 4 


TABLE 4 
lemp., ‘ 70 BO 70 BO 90 
Dowex | 1-4 7-2 5-4 f-4 
Dowex 2 73 5-6 4-6 46 


These results made it appear doubtful whether the improved separations on jacketted 
columns would compensate for their practical disadvantages, and attention was therefore 
directed to the third method 

Use of mixed solvents. Changes of solvent, as well as of temperature, may be used to 
modify the extent of adsorption of a substance. Break-through volumes were therefore 
measured on Dowex 2 for 0-1N solutions of phenylacetic acid in various dioxan—water 


nixtures,* and gave the results shown in Table 5 
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Clearly adsorption is strikingly reduced in this solvent, and some typical acid separations 
with 0-In-hydrochloric acid as developer were next studied, 35% dioxan (v/v) being used as 
nt lable 6 gives the results. The amounts of each acid applied to, and recovered 


AAV 
from, the column are expressed in milliequiv. The order of elution of the acids is that 
given by reading down Col. 1 of Table 6. 
PABLE 5. 0-1N-Phenylacetic acid on Dowex 2. 
Dioxan, vol. % amd ae 10 28-9 32-5 40-0 50-0 64-4 81-5 
Capacity (mequiv./g.) ... 7°34 540 4-35 4-06 3°76 3°75 377 3°76 


hese separations leave little to be desired. So far as can be judged by paper chrom 
atography and the other tests applied the separations were complete, and within the possible 
error the amount of acid recovered was always the same as that applied. The acids appear 
in the theoretical order of their dissociation constants and there is a satisfactory separation 
in this order even of formic and phenylacetic acids, where large adsorption effects lead to a 


reversal of order in water. It may be noticed, too, that quite small differences in 
PABLE 6 
Dissociation Apph Recovered 
Acid constant x 10° mequi mequi krvor 


Butyric—phenylacetic acid separattor 


butyrn 51 0-U6R o-u74 0-7 
Phen ylaceti 4°88 0° BOS 0-805 
hormic—acett propionic-phenylacetic acid separation 
Propionk 1-34 1-000 O-vG9 Ol 
Acetic 1-75 109 1-008 Ol 
Phenylaceti 1-48 0-804 0-804 
Form 17-7 1-410 1405 O-4 
{celtic -phenylacetic benz wid separation 
Acetic 1-75 0-953 -G4YU 4 
Phenylacet : 4°88 0-897 O-se2 Ob 
Kenzol 6-30 1-060 1-058 0-2 
dissociation constant lead to perfect separation O long as complicating factors ar 


eliminated 

Chis use of appropriate mixed solvents seems likely to be 
rhe beneficial effect of the organic solvent is primarily in 
but will also be exerted in increasing the 


of very general value in the 


eparation of organic mixtures. 
the reduction in the amount of solute adsorbed, 
rate of attainment of adsorption equilibrium, since the exchange of an organi 
molecule for a solute molecule at an adsorption site will involve a much smaller energy 


increment than will the desorption of the solute molecule in water. The partition effect 
recorded in Table 6 


solvent 


will also normally lead to improved separation in the experiment 
the effluent concentrations were appreciably greater than decinormal, from which it may 
be deduced that the partition of the acids between the predominantly aqueous resin phase 
id the external phase was markedly in favour of the latter 
thank the D.S.I.R. for a maintenance all i B.D.R.O.), and the Rohm and Haas 
and Dow Chemical Companies for the gift of resi 
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334. A Study of the Stephen Reaction. 


TURNER. 


1 modified form of the Stephen reagent has been used in comparing the 
u 


bstituted 


omatic nitrile Ihe reaction is of neither the st nor the second order: 


ites of reduction of a number of unsubstituted aliphatic and 


ppears to be the main facto 


irives the reaction to completion In unsubstituted aliphatic nitriles 


ipitation of the aldiminium stannichloride a 


re has little effect on the rate iction, whereas in substituted benzo- 


electron-repelling groups increase the rate appreciably 


[he scope of the reaction in the aliphatic series has been clarified by meas 


ig the yields of aldehyde from the simpler nitriles Ihe yield increases 
po ition 
Attention is drawn to the usefulness of the nitrile-exchange reaction ! in 


ith chain-length, but 1s lowered by chain-branching in the a 


yuthesis of isobutyro- and pivalo-nitrile 


| reaction,* W h nitriles are reduced to aldimi ubsequently hydroly 
les) by ether tannous chloride and hydrogen chloride, has recently been re 
> whence it 1 1@% that the cope ol the reaction in the aliphatic seTlE Is ll 
| that there is little or no evidence concerning its mechanism [he present worl 
exploratory studies of the kinetics of the reaction, and of the determination o 
of aldehydes from the lower aliphatic nitriles 
nt, as normally prepared,* is not suitable for kinetic studic ince it con 
cible layer \ homogeneous reagent may be conveniently prepared by add 
ide to stannous chloride dihydrate in ether, the anhydrous salt being pro 
with some of the hydrogen chloride require | for the reaction. xtra 
chloride may be added by running in acetyl chloride and water in equimolar 
lhe acetic acid so produced renders the mixture homogeneous, and the reagent 
ome weeks In a Loppe red flask 
irse of the reaction has been followed by periodical determination of the stannou 
ncentration by standard, aqueous iodine During the reaction the aldimine, 
final product of the reduction, is precipitated as stannichloride. Fortunately 
modified reagent was used, this precipitation was delayed, and measurement 
le under homogeneous conditions over the first 10 20°, of the reaction 
if varying the concentration of nitrile, of stannous chloride, and of hydrogen 
vn, for benzonitrile, in Tables 1—3 rhe rate varied with the concentrati 


olvent 30% v acetic acid in ether 


0-471M HCl 0-444M 


Time (hr : 5 10 


nen, of nitrile (m SaCi, (10° mole 
0-561 1-05 
Oo 184 O36 
O-O55 O16 


as would be expected, the usual calculations showed that the reaction v 
ther of the first nor of the second order An increase In the concentrat 

nitrile or hydrogen chloride increased the rate The same was true for stan 
except that there was an inversion of two of the concentration—-time curv: 


1025, 1874 
nd Zool y! ic Organic Chemistry }. Wile n vy York, 1953, | 
Organic Keactions,”” |. Wiley and Sun New York, 1954, Vol I, p. 246 
ethoden der organischen Chemie (Houben-—Weyl),’’ G. Thieme, Stuttgart, 4th | 
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Variation of rate with ¢ 
Ilvent as in Table 1 


Time (hz l 


{ SnCl, (mM 
0-384 
0-145 


0 Uso 


Variation of rate 
lable 


ves of the reaction These 1 t in conformity with a mechanism 
reaction by Meerwein,® the fir p in which may be interpreted as the 


nitrilium salt from the nitrile and chlorostannous acid 
RCN H,SnCl, 


ince the concentration of chlorostannous acid n depend on tl ncentration of both 
tannous chloride and hydrogen chloride, the rate o ct hould vary with the concen 
tration of all three reactants, as is found 
Attention was next turned to the effect of the I ture of the nitrile on the reaction 
The reaction being of indeterminate order Oo quantitative comparison of rat 
possible. It was also impossible take the initial slope of a concentration 
ime curve as a measure of rate since the necessary pipetting of the | ml. aliquot parts of 
ethereal solution involved an error estimated to be about 1-5——2°, which was significant in 
very early stages of the reaction, However, reasonably smooth concentration—time 


were obtained, covering an adequate portion of the reaction, and the rates for 
nitriles could be compared qualitatively 

aliphatic nitriles the reagent used contained four n of hydrogen chloride pet 
tannous chloride, the reaction being inconvenie! low at smaller concentration: 
its (Table 4) show that the structure has on! minor effect on the rate of reaction 


TABLE 4 Variation of rate with structi aliphatic nitrile 
lable 1 K°CN O54 , 


Time (her 2 
MeCN 0-65 
EtCN O36 
PraCNn 0-45 
PriCN 0-32 
sut_N 0-69 


* Precipitation of the aldimine 


{ aliphatic nitriles (the efiect on the yield ts late vn to be more marked With 
acetonitrile, precipitation of the aldimine stannichloride occurred after 25 hr., and marked! 
accelerated the reaction. Such precipitation is thus a mi factor in driving the reaction 
to completion, #.¢., in producing high yields (this \ confirmed in the experiments with 
aromatic nitrile It would also serve to remove the aldimine salt from the reaction zone 
thus hindering the formation of the by-product isolated by Knight and Zook * in work with 


ile, viz., the NN’-alkylidenebisacylamide CHR(NH-COR), 


l< inication to Baye 


vk, J. Amer. Chem 
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tes of reduction of benzonitrile, o- and p-tolunitril and p-chlorobenzonitrile 
iphthonitrile were next compared, reagent containing only two mols. of hydrogen 
per mol, of stannous chloride being used since at higher concentrations early pri 
of the aldimine salt occurred, restricting the 
1 of the total reaction. The re 


in benzonitrile markedly 


measurement 


to only a small pro 
ults are shown in Tabl 


” O- OF p Methyl or -chloro 
increase the reaction rate Che acceleration caused by 
itation of the aldimine salt was again pronounced in the experiment with / 
zonitrile (with benzonitrile, p-tolunitrile, and o-chlorobenzonitrile, precipitation 
ied by acceleration occurred at a later stage, not shown in the Table) 
TABLE 5. Variation of rate with structure : 
emp 23°6%%-+- Ol 41% (v/v 

RCN 


aromatic nitriles. 


acetic acid in ether 
0-540m Cl, 0:-300M HCl 0-600m 
Time (hbr.) 
Ph-CN 
Cj 6 
t (|+¢ o! P 
o-MeCHygCN 1-20 
° { «(") +62 
p-Me’C, higCN 0-62 
} a sot ly" N 0 
cipitation of the aldimine 


jtannichloride set in afte 


itrile and «-naphthonitrile both give low yield 
ilthough some reduction to the aldimine occur 

, o-tolunitrile was found to be reduced faster than was benzonitrile, in 
, after which period the reaction virtually stopped, probably because of thi 
the o-tolualdiminium stannichloride to be precipitated and so drive the reaction 
During the earlier work, it had been noticed that the precipitation of the aldi 
vas favoured by low stannous chloride and high hyd: 
these conditions neither nitrile gave the d 


ildehyde in the Stephen 1 
a hown by the above rf It 


Lit 


urprising!y 
tape 


gen chloride concentration 
ired precipitate, even after some 
cope ol the reaction 


d reagent, a 


in the iliphatic er een clari | by determining thi 

propio-, #-butyro-, n-vale SO , and pivalo-nitril 
initially prepared, contained two mo ydrogen chlorid 
yuus chloride, and was saturated with hydrogen chloride before 
ation of hydrogen chloride wa 
claimed that 


ed a it 


h al from aceto 


{ 
not determined 


under certain conditions, the aldimin« 
tannichloride but remained in solutio: I 
the precipitated salt and the mother liqu 
ed produced from j 


both sources on hydrolysi The yield of aldehyd 
ntitatively by the bisulphite method of Bell and Brown.® 
ot the pure alde hyde 
ilts are 


from lauronitril 
these experim: 
or were worked up for aldehy 
Wa 
Control analyse 
losses during hydrolysi 
otnote (6) show that the 
aldehyde comparable with those obtained by the normal 
much slower in the 
to recommend it in preparative work 
Ve! uliphati nitrile 
from 


iabled correction 
ummarised in Table 6 The 


went give Vil of 


to be made for 


igure quoted in te 
The reaction wa former case, and the modified reagent 


give only poo! to moderate eld 
normal nitriles increasing with chain length 
lowers the yield (this may be 
ht and Zook 7 have cast some doubt on the constitutio 


from lauronitrile, implying that it might 
Analyses of the 


in the Stephe: 


n react 
(hain-branching in the 
confirmed from Table 6 in Mosettig’s review *) 

n of the precipitate obtained 
not have been 
precipitates isolated during 
samples 


the aldiminium 

work showed that they 
of the expected lt me alt Thev vielded 
amount of aldehyde on hydro ind contained about 
retical content of tin 


omewhat impure 
the theoretical 
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Attention is drawn here to the extremely useful ‘' nitrile-exchange "’ reaction, details 
of which have recently been published as a Patent. When a carboxylic acid is boiled with 
pheny! 
phonic acid, an exchange occurs, and the nitrile corresponding to the acid may be removed 


icetonitrile, in the presence of a strong acid catalyst, ¢e.g., sulphuric acid or a sul- 


TABLE 6. Ytelds (°%) of aldehyde the lower aliphatic nitrile: 
fo} I 


‘ 
Yield of Yield of 

le from Aldehyde ulate I Aldeh ya 

per ee semicarbazone * Bike we emicarbazone 

m. p lit 

103-—-104° ‘ 
SS f N : 125 126° 
104 106 ut 189 100 


arbazones were recrystallised from ethanol—water Wh tephen’s original procedure 

|, aceto- and n-valero-nitrile gave, respectively, ‘ and 42 yields of aldehyde from 
tannichloride only. * New compound 1 aut if pecimen of n-valeraldeh yde 

had m Pp 104° (Found N, 29-1 ( atl ra! »N j s N u°4 


by fractional distillation, provided that its boiling point is lower than that of any other 
component Phe direct preparation of tsobutyro- and pivalo-nitrile from the corresponding 
acids is now reported, the yields being 49 and 56°, respectively 


EXPERIMENTAI 


sodium-dried ether, freshly-distilled acetyl chloride, 4nd commercial stannous chloride di 
hydrate were used to prepare the reagent. Anhydrous stannous chloride was made by the 
method recommended by Stephen.” 

Commercial samples of normal aliphatic nitriles and liquid aromatic nitriles were treated 
with concentrated hydrochloric acid until the smell of isonitrile had gone, dried (K,CO,) and 
fractionated through a 6” Vigreux column, isobButyro- and pivalo-nitrile were made by nitrile 
exchange between the corresponding acids and phenylacetonitrile olid aromatic nitriles were 
recrystallised from benzene-—light petroleum (b. p. 40--60 ! stant m. p. o-Chloro 
benzonitrile had m. p, 45-—46° (lit., 42°). 

Preparation of the Modified Reagent.--A typical mixture was made as follows. Stannous 
chloride dihydrate (112-8 g., 0-5 mole) was suspended in ether (133 ml.), in a flask sealed by a 
U-tube containing alittle mercury. Acetyl chloride (71 ml., 1-0 mole) was added at a such rate 
that no hydrogen chloride escaped past the mercury seal (slight cooling was necessary) The 
homogeneous liquid so produced contained 30% and 70%, respectively of acetic acid and ether, 
by volume It was diluted to 500 ml. by the addition of a mixture of acetic acid and ether in 
the same proportions (called below ‘‘ mixed solvent 

Liffect of Nitrile Concentration on Rate.--Into each of three stoppered flasks containing the 
reagent (25 ml.) diluted with mixed solvent (to 50 ml.) were pipetted, respectively, 3 ml. (0-0292 
mole), 1 ml. (0-00973 mole), and 0-3 ml.( 0-00292 mole) of benzonitril [he volume of each 
solution was raised to 53 ml. by the addition of mixed solvent All solutions were brought to 
the thermostat temperature (23-6° +. 0-1° throughout kinetic measurements) before mixing. 
Aliquot parts (1-00 ml.) were withdrawn at approximately ; 3, 8, 24, and 50 hr., and were 

1 inte hydrochloric acid (10 ml.) Stannous ior end rmined by titration (starch) 
against aqueous iodine (0-05m) rhe fall in stannou hlot concentration was calculated 
from the titration differences 

Iffect of Stannous Chloride Concentration on Fate teagent solution containing 0-384 

/l. of stannous chloride was made by diluting 25 f ock solution to 50 mil., with 

olvent Benzonitrile (3 ml., 0-0292 mole) was added ydrogen chloride concentra 

tion as 0-767 mol. /I 
it solution containing 0-145 mole/l. of stannous chloride was made as follows 
Lo the ck solution (10 ml.) were added acety! chloride (2-13 ml., 0-03 mole) and water (0-54 ml., 
0-03 mol.), which generated the hydrogen chloride sufficient to maintain the final concentration 
it 0-767 mole/l. Ether (4-0 ml.) was added to compensate for the acetic acid produced by the 
operation, and the whole was made up to 50 ml ith mixed solvent. Benzonitrile 

d as before 
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aining 00-0554 mole tannou rick mace in the 
tock solution (5 mil.), a yi chloride (2-84 ml., 0-04 mol water 
3 mil in ‘ olvent up to 50 ml Kenzonitrile was added 


tration time cur “ constructed from measurement 


i Hivydrogen hlovide Concentration on the Rat 


drogen chloride wa added j mning in equimolar amounts <« 


Phe calculated amount of ether wv ided to restore the compositi 
t to it tandard ‘ ilue and the mixture wa ilu ad Dy mixed solvent to a fixer 
The tock olution ul ed contained 0-69 mole ] I I I chloride and 2-07 
en chloride hree experiments were carried with the following quantiti 
a) Stock solution (25 ml.); mixed solvent up to 50 n benzonitrile (3 ml 
olution (25 ml,), acetyl chloride (4-66 ml., 0-061 mole vater (1:19 ml., 0-061 mole) 


1 ] 


mil.), and mixed solvent 50 mil é tock | f 5 ml acetyl chloride 


0-132 mole), water (2:37 ml., 0-132 mole), ether 7-6 ml.), and mixed solvent up te 


trile Structure on the Rate of Reaction (a) ph nitrile To a stock solu 
il., containing 0-788 mole/|l. of stannous chlorid nd 3-152 mole/l, of hy 
idded the nitrile (0-0286 mole) and mixed sol t (up to 53 ml.) rhe n 
ere made as before 
ratic nitrile Measurements were made as for the aliphatic nitriles, a stock 
taining stannous chloride (0-752 mole/|l.) and hydrogen chloride (1-504 mole/I 
\t this lower hydrogen chloride concentration slight precipitation of white cry | 
vyhen the stock solution was diluted with the mixed solvent, and the final mixtu: 
ited to 63 ml. by the addition of acetic acid, which caused the crystals to redissolve 
led Reaction of o-Tolunitrile and a-Naphthonitrile under Forcing Conditions.—To the 
rent solution (5 ml., as used for aromatic nitrile ee previous paragraph) were added 


iloride (6-4 ml.), water (1-62 ml ether (15-9 ml.), and mixed solvent (up to 50 ml 


ile (0-02 mole) was added, and the volume made up to 53 ml. with mixed solvent Che 


contained 0-072, 1-834, and 0-377 mole/l. respectively of stannous chloride, hydroge 


id nitrile No precipitate was formed after two weeks at 20° and a further 


nation of the Yield f Aldehyde from Aliphatic Nitrile ro a stirred suspensi 
hloride dihydrate (16-8 g., 0-075 mole) in ether (50 ml.) was added an excess of 
3-0 ml., 0-195 mole) The mixture was saturated with dry hydrogen chloride, and t 
weneous product the nitrile (0-05 mole) was added After 7 days the precipitate 
m stannichloride was filtered off, washed with ether, and dried at 50°/20 mm I he 
filtrate and washings were retained for analysis 
iount of aldehyde obtainable by hydrolysis of the precipitate was determined a 
amount (ca. 0-7 g.) of the salt was boiled wit! hydrochloric acid (55 m 
20 ml, of the distillate were collected in an excess of aqueous sodium hydrogen sulphite 
0-5mM), contained in three wash-bottles in seri rhe sulphite solution was made u 
with water, and the excess sulphite in a 5 ml imple destroyed by titration with 
finally 0-03M-iodine An excess of solid sodium hydrogen carbonate was added, and 
ed sulphite titrated against 0-03M-iodine rhe percentage of ildehyde obtained from 
then calculated, and the value multiplied by the recovery factor "’ of the aldehyd« 
iragraph 
unt of aldehyde obtair ) ro the mothe liqus rw letermined by distilling 
irving the residue at 70°/20 mm.. hydrolvysing tl luct with n-hydrochlor 
ind determining the aldehyde produced as before 
nation of Aldehyde Recovery Factor 4 weighed quantity (ca. 0-005 mole 
tilled aldehyde was added to a solution of stannic chloride (1 ml.) in N-hydrochlory 
The mixture w distilled, and the aldehyde in the distillate estimated as above 
er factor *’ was expre sed as (wt. of aldehyde taken t. recovered Che fact 
ibout 1-1, except that of pivalaldehyde, which was 1 


rmination of the Tin Content of Aldiminium Stannichi rhe liquid remaining 
ifter hydrolysis of the salt and removal of aldehyde “e above) contained all the tu 
Water (to 100 ml ind then concentrated hydrochloric acid (40 ml.)*were added 


d with a spiral of nickel fo " sk sealed by an outlet tube 


vere then added, t 
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itmosphere of carbon dioxide, the nick is removed and washed, and the stan 
ooled solution titrated against aqu odin starch Lhe tin content 
ibout 90° of that calculated r [R°eCH:) 2 .oncl,*-, except when kK was 
ilues were consistently hig 
soButyr ind Pivalo-nits | ropriat irboxylic ac mol 
3 mols.), and concentrate 1 boiled under 
rhe nitrile was then slowly distilled of hrough Vigreux column, 
traces of acid by a further f: t i from about one-tenth of its 
juidine, zsoButyronitrile (b. | t “ 1 40°, yield, and 
104--105°) in 56°% yield 


of London Central Resear ind ianked for a grant Mr, k 
for advice concerning the ti ly I t of pivaldehyde 
ottom 1s gratefully acknowl 
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Mechanism, Kinetics, and NStereochemistry of Octahedral Substi 
tutions. Part 1V.* Bimolecular Basic Hydrolysis and Aquation of 
Some Halogenoisothiocyanatobis(ethylenediamine)cobalt(im) Lone. 


By C. K. Incoip, R. S. Nynors i I OBI 


Chis paper reports the beginning of an investigation of the steric course in 
kinetically controlled conditions of bimolecular nucleophilic substitutions at 
octahedral cobalt In the present group ot x periment in attacking 

ion in solvent water displaces halogen from a halogenozsothio 
ethylenediamine)cobalt(im) ion reactions are bimolecular, 
it only overall, but also with respect to t formation of each of the stereo 
isomeric products, which thus appe in ¢ int ratio rhe products 
uffer no reversible interconversion in nditions of their formation, 
ilthough at late times a further stage « ! itutior ts in with displace 
ment of the isothiocyanato-group At 0°, the trans-chloro-cation gives 76% 
the trans-bromo-cation 81%, and the cis-chloro-cation 82% of isomer in 
the mixture of cis- and trans-hydroxy-cations forn | iu tereo-change in 
bimolecular nucleophilic substitution at octahedra f is not exclusive 
it is at tetrahedral carbon 
Rates of aquation in dilute aqueou id « e tvans-chloro- and trav 


j 


bromo-cations have been measured [he produ formed are here to be 
listinguished from the products found, because and trans-aquo 
isomers undergo reversible interconversion in the conditions of their form 
ition Because of this complication the On mistry he aquation of 
the chloro-cation could not be adequately d ned, but the aquation 
cts formed from the bromo-cation wet i i inetic analysis to 
13.46%, of the cis-aquo-isomer hus clear that 
tation ani pursue a course involving teres 
Lhe rates of interconversion of the fran qu have been 
measured At 63-—90°, some 8&8] “4 thie omer present at 
quilibrium 
I and II * it was shown that the two me ism 1 and Sy2, of nucleophilic 
which have long been familiar in organic chemistry, both participate in the 
ibstitutions of octahedrally co-ordinated n ] icular of cobalt(11) In 
tic criteria for the recognition of these mechanisms were developed. These 
d the way for an investigation e spat orientation of octahedral 
inder each of the two mechanism me ined id products and 
Part II1,* this investigation was c« 


/ 1953, 2674 art 1! 
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mechanism of substitution, Syl, using a cobalt(i1) octahedral centre; and now, the more 


fully to launch our programme, we report in these papers our first results on spatial orient 
ition in the bimolecular mechanisms of substitution, Sy2, again at octahedral cobalt(r11) 
We have studied bimolecular substitution in bis(ethylenediamine)cobalt(t11) complexe 
ontaining one displaced group, and one characteristic non-replaced group, both group 
being treated as variable features of the structure. Up to the present, our displaced 
groups have been the chloro-, bromo-, and nitrato-ligand As characteristic retained 
groups, we now report on the tsothiocyanato- and ammino-ligands. The other possible 
mnstitutional variable, the introduced group, has not yet been made to vary, inasmuch a 
the work to be reported is concerned only with hydroxide ion as substituting agent, in 
olvent water. Water itself is highly active in cobalt substitutions: we know that it 
used as solvent in the study of unimolecular substitutions by weakly nucleophilic 
substituting agent : and the 


cannot be 
ents, because it then usurps the functions of 
for the convenience of using water in the study of bimolecular substitutio: 
that one is practically limited to the hydroxide ion as reagent, since this is the on 
on that is sufficiently highly nuc leophilic to attack the cobalt atom much faster 
water can, thereby securing that the substitution proceeds directly, and does not 
many substitutions by anions in aqueous solutions do go, through the route of a 


ul tuting ag 


one pay 
Ly 


i 


KY, | 
preliminary aquation, 

Most of the earlier literature of kinetic and 

ubstitutions is cited in Part I. In none of this work are the two methods of investigation 


ombined that an observed stereochemical outcome of substitution can be related to an 
blished mechanism. Some further stereochemical results for cobalt(111) substitution 
become available,’ but they too are unassociated with kinetic 


Parts II and III of this series described an integrated kineti 
but only for unimolecular 


tereochemical studies of octahedral 


evidence of 


iVé ines 


mechanism and stereo 
chemical study of substitutions in the cobalt(1m1) complex 


ubstitutions Syl 

In the present paper we report a combined kinetic and stereochemical examination of 
three substitutions in the cobalt(111) system, all proceeding by the bimolecular mechanism 
2. In each, the hydroxide ion, attacking in aqueous solution, displaces a halogen a 
halide ion from a bis(ethylenediamine)cobalt(111) ion containing a retained isothiocyanato 
We also report a kinetic and stereochemical study of the aquations of the same 


ligand 
of a reversible isomerisation of their stereoisomeri« 


complex ions, and a kinetic study 


iquo-derivatives 


and Products of the Reactions of Hydroxide Ion with trans-C hloroisothio 


(1) Aanetics 
cyanatolis(ethylenediamine)cobalt(111) Ion in Water : 


OH trans-{Co eng(NCS)Cl|* —— cts- and trans-[Co eng(NCS)OH)* +- Cl 


salts of chlorotsothio« yanatobi 
Iheir stereochemistry is made 
and equally by the conversion of 


1) Basic Chemistry The cis- and trans-series of 
(ethylenediamine)cobalt(111) are both well characterised 
certain by the optical resolution of salts of the cis-series ; 
alts, without rupture of the cobalt-nitrogen bond, into trans-salts of the chloro 


the tran 
which are known as to configuration, because th« 


amminobis(ethylenediamine) series, 
isomeric cis-chloroammino-salts have been resolved.* 

When a dilute aqueous solution of a trans-salt, such as the bromide, perchlorate, thio 
cyanate, or dithionate, is treated with dilute sodium hydroxide, the colour changes slowly 
from purple to orange-pink, This is a visible sign of the reaction formulated above. This 
reaction can at any stage be stopped by the addition of acid, which also instantaneously 
protonates the formed cis- and trans-hydroxytothiocyanato-cations to give the cis- and 
trans-aquotsothiocyanatobis(ethylenediamine)cobalt(l1) ions; and it is by way of these 
protonated derivatives that the immediate products of the substitution have been 


cx umuned 
tlasok tone, and Pearson, /. Amer, Chem. Soc 1953, 75, 819 
1 Verner, Annalen, 1912, 386,1; (b) Tupizina, Diss., Ztirich, 191 
1036, 3, 484 


Mathieu, Bull 
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It is necessary to have some knowledge of the stabilities of the substances involved 
under the alkaline and acidic conditions employed. At the temperatures used in the study 
of the hydroxylation process, 0-—20°, and in solutions of an acidity at least of pH 5, the 
trans-chloro-cation and the cis- and trans-aquo-cations are all stable for periods much 
longer than those of our hydroxylation experiments. This was established by spectro 
photometric examination of solutions of pure salts of these cations prepared as described 
in Section (8). However, changes occur at higher temperatures, such as 50-—-90”, in the 
icidic aqueous solutions rhe trans-chloro-cation then undergoes direct aquation, at a 
rate which we have measured, to give aquotsothiocyanato-cations ; and the cts- and trans 
aquo-cations themselves undergo reversible isomerisation, the rate of which we have like- 
wise measured. We have also measured the equilibrium attained in this balanced reaction, 
rhese and similar measurements are described in Sections (4)—(6) of this paper 

[he actual process of acidification, with protonation of the cis- and trans-hydroxy- 
cations to give their conjugate acids, the corresponding aquo-cations, induces no stereo- 

omeric change rhis was shown by spectrophotometric examination of solutions of pure 
cis- and trans-aquo-salts after repeated alternate basilications and acidifications. 

In dilute alkaline solution, at the temperatures used for the displacement of chlorine by 
hydroxide ion from the trans-chlorotsothiocyanato-cation, the crs- and trans-hydroxytsothio- 
cyanato-cation how no signs of isomerisation his conclusion followed from a spectro 
photometric examination of basified and kept solutions of cis- and trans-aquotsothiocyanato- 
alt However, the two hydroxyisothiocyanato-cations were found to undergo, in these 
conditions, a relatively slow second stage of hydroxylation, involving displacement of the 
isothiocyanato-group, and the formation of dihydroxybis(ethylenediamine)cobalt(11) 
cation Such displacements of the isothiocyanato-group were, however, slow enough not 
to be more than slightly troublesome in our study of the displacement of chlorine by the 
ittack of hydroxide ton 

Phe « and trans-series of salts of aquotsothiocyanatobis(ethylenediamine)cobalt(11) 

elyes quite well characterised, and the isomeric cations have distinctive spectra 

ignment to them of their respective stereochemical structures was originally made 
rner on slightly dubious grounds, but correctly, as was established by the subsequent 
of Mathieu.” From the optically active cts-chlorotsothiocyanato-cation, he 
|, by a direct and completed aquation, an optically active solution of an aquosso 
ation; and this agreed in its spectrum with the cts-aquo-cation to within the 
manded by its partial isomerisation, of v we now report the rate and 


if the reactions which we have studied cally are appreciably accelerated 

therefore, ran all rate processes in darke1 \ 
Kinetic rhe rate of the alkaline hydroxylation o trans-chlorotsothio 
yanato-cation has been measured titrimetrically i u ohol, and in water, 

0°, and spectrophotometrically in water only at 0 

The obvious titrimetric method of following liberated chlo ion with the aid of a 
ver electrode was unavailable, since, as Mathieu originally noted,” silver ions combine 
cobalt tons containing the -tsothiocyanato-group. However, the aquo 
inato-cations, which the formed hydroxyisothiocyanato-cations produce on 
of the reaction samples, are weak acids, and, after neutralisation of any excess 
icid, can be titrated as such. Thus, the titration curve, as obtained by the use 
hydrogen electrode, shows two equivalence points, the separation of which 


concentration of aquo-cation The met! tends to give somewhat high 


| 

| 
rate because any temporary loca! alkalinity during titration leads to some 
droxylation of still undecomposed chloro-cation, and thus to high estimates of 


‘f reaction at the time of sampling 
it was not possible to secure a good analytical measurement for the completed displace 
ment of chlorine, because of the incursion at late times of the second step of hydroxylation, 
with displacement of the tsothiocyanato-group. Infinite-time values were therefore 


* (a) Werner, Arch. Sci. ph nat. Genéve, 1911, 32, 45 fathieu, Bull. § chim. France, 1937, 
695 
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calculated from weights of material taken. Good second-order rate-constants wer 
calculated for the first 80°, of chlorine displacement. These constants are in the left-hand 
irt Oo | ble ] 


econd-order titrimetric and spectroscopic rate-constants, and spectrophotometric 

product-compositions for the substitution of hydroxyl for chlorine by hydroxide-ton attac! 

n the trans-chloroisothiocyanatobis(ethylenediamine)cobalt(iti) ion in aqueous methyl 
alcohol or nm water 


means by pH titration, and “ Spe means by spectrophotomet n the rate ineas 
pectrophotometry the optical density at 4900 A was used, and the extinction coefficien 
l ¢, 187 in water, were taken as calibration point he latter figure is calculated 


yanato-products containing 76% of the c¢1s-isomer Cj nstants were calculate 

, of reaction from the formulas, {2-303 /t(b a)} log,, : a *)} sec? mole |, 
a, the formula k, s/lala x) sec.~' mole L., where a is the initial concentration of the 

obalt ion, and b that of the hydroxide ion Ihe complex chloro-cation was supplied as bromide 

easurements in aqueous methyl alcohol, and as perchlorate f the measurements ia 

le ions were introduced as carbonate-free sodium hydroxide The measurements of proc 


tion during the progress of the runs, as given in the last column of the Table, mv 
rminations of optical density at three wavelengths, 5800, 5300, and 4900 A (cf ub-section 1. 


! MeOH (%) a b Kun MeOH I 
in sol mmole | : " in sol 
hod, iit lemp., 000 
10 87 4-02 
il 
i) 


Mean 


10-05 

2-20 6-05 
4-02 6-06 
6-06 6-05 
1-86 3°86 
1O7 1-06 
1-95 8-74 


Mean 


65 


6-38 


[he spectrophotometric method depends on differences in the absorption spectra of th 
trans-chloro-cation, and of the cis- and trans-aquo-cations —aquo- and not hydroxy-cations, 
because reaction was followed by means of the spectra of a idified samples. These three 

pectra are among those shown in Fig, 1. Salts of the three cations, individually, and as 
binary pairs, were shown to obey the Beer-Lambert law at the relevant wave-lengths and 
concentration 

[he initial spectrum of the reaction is the spectrum of the ¢rans-chloro-cation. It 1 
not possible directly to observe a final spectrum corresponding to the completed displace 
ment of chlorine, because of the commencement, at late times, of the second stage of 
hydroxylation. However, as the next Sub-section shows, we know the proportions i: 


which the eis- and trans-aquo-cations are produced, and therefore can calculate, from the 


observed spectra of the separate cations, a spectrum corre sponding to the completion of 


chlorine displacement. It is thus found that the greatest change in optical density betweer 
wns-chloro-cation and the produced mixture of cts- and trans-aquo-cations occurs at 
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$000 A. and theretore opti al density at this wavelength was adopted as the indication of 


1 progress 


before, good second-order rate-constants were calculated for the first 80°, of reaction 


constants are entered in Table 1. The spectrophotometric constants for 0° are 
ightly lower than the titrimetric constants for solvent water at that temperature, but, as 
mentioned above, we must expect the titrimetric method to give high values. The errors 
in the spectrophotometric method seem to be random. We must assume that they obscur 
the theoretically expected negative salt effect, which would, however, be small at 
the concentrations used. Nevertheless, the spectrophotometric constants have been 
determined over a range of reagent concentration great enough to leave no doubt that the 
alkaline hydrolysis is indeed a second-order reaction 
Most of the rates are not inconveniently high ; ut at 10° the general accuracy 
begins to be affected by errors of timing, and at 20° these are much the most serious errors 
lhe Arrhenius equation which best fits the rate data for these three temperatures is ky 
Bye *'®? with B, = 66 « 10% sec.-! mole 1., and / 23-2 kcal./mole. But because 


l »pectrophotometric curves of 
vlincht efficients for halogeno 
and aqu thiocyanatobis (ethylene 
diamine balt(tit) tons in water 


1) trav Co eng(NCS)C1)* 

2) tran Co en,(NCS)B 
a 

» ; \ 

$) ct 

4) tray 


4 


6000 5000 


Wavelength (A) 


of the low accuracy of the measured rate parameters mu regarded a 
only roughly evaluated. 

1.3) Steric Course.—Werner preparatively converted the érans-chloro-cation, as thio 
cyanate, by means of concentrated potassium hydroxide, into the (rans-hydroxy-cation 
and, as dithionate, by means of concentrated aqueous ammonia, into the cts-hydroxy 
cation,™ thereby making the stereochemistry of the formed hydroxy-cation apparently 
depend either on the anion of the complex cobalt salt or on the cation of the alkali. We 
therefore began our stereochemical investigation by allowing dilute solutions of the 
bromide, perchlorate, thiocyanate, and dithionate of the tvans-chloro-cation to interact 
with dilute potassium and ammonium hydroxide. We found that, when the displace 
ments of chlorine were substantially complet ectra of the solutions were practically 

il. It has to be concluded that some condition is present in Werner's preparation 

h does not apply in our dilute solutions.* 

When the absorption spectra of acidified reaction samples taken at different times ar 


imply that the thiocyanate of the fra hu ti j he le soluble of the stere: 
yanates, whilst the dithionate of the « ‘ ition is the less solubl if the isomer 


because a more than 50% yvield is obtained eithe | { preparation It is possible 
neentrated alkali a bimolecular OH-ex ’ ] lroxide ion a ibstituting agent 
je stereo-change between the hydroxy-ca and beequent disturbance of t 
isomers by separation of one or the ot , ling ailable anion We ha 
indecided, but report the incidental ‘ t Wernet preparation of 
De repeated with the modtfics t f place f ammonimny 
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plotted together, all the curves go through a single point, as shown in Fig. 2, with the 
exception of the curve applying to “ infinite time.” This means that, except at late times, 
the one original coloured substance is being replaced, either by only one other, or by more 
than one under the condition that these are being formed in a strictly constant ratio. In 
other words, if both ets- and trans-hydroxy-products are being formed, then they are 
arising a8 primary products, and simultaneously, in reactions of identical kinetic order. 
With our knowledge of the spectra of the separate substances involved, curves such a 

these can be analysed to give the ratio in which the reaction of the trans-chloro-cation ji 
yielding the cis- and trans-hydroxy-cations. A particularly sensitive form of analysis 
and one which we like to apply when the optical results are good enough, is to read, for each 
reaction sample, the optical density at three wavelengths, and then to solve the three 
imultaneous linear equations that should, by Beer's law, give these optical densities in 
terms of the unknown concentrations of the thrice coloured substances. The coefficients 
in tie equations are obtained by measuring the extinction coefficients of the three pur 


hic. 2 pectrophotometric curves of optical densil 
im @ cell of length 4 cm., of samples from Run 3% 
acidified at various times, given in minutes by th 
figures associated with the curve The comn 
intersection shows that the products are being 
formed im constant proportions, and the deviation 
of the infinite-time curve that a subsequent re 
iction enters at late times 


5500 5500 
Wave/ength (A) 

ubstances at the same three wavelengths, the partial optical density due to any absorbing 

component being the product if its concentration, its extinction coefficient, and the path 

length. The equations being solved for the concentrations, we have a check upon the 

method, inasmuch as the sum of the three concentrations should be the same for all 

amples. The concentrations will give additionally the proportion of reaction 

us occurred, and the ratio in which cis- and trans-hydroxy-products are present, in 

the samples taken. The extinction coefficients, which we have determined with 

pure salts and used in this way, are in Table 2; and, as an illustration of the method, its 
ipplication to one run is set out in Table 3 

It was confirmed quite generally by this analysis that the cis- and trans-hydroxy- 

products are formed in constant ratio throughout reaction The mean values thus 

obtained for the stereoisomeric compositions of the products of all the runs which were 

thus followed spectrophotometrically are collected in the last column of Table 1. The 


LABLI Extinction coefficients (e in cm.-* mole 1.) as determined for pure salts in 


water at 0°, and used for the spectrophotometric measurement of composition. 
v) aa oe ; 5 5300 4900 
jaens (Co en,(NCS)CI 22- 110-3 40-0 
‘ Co en,(Né S)OH, * 37- 145-3 216-2 
| fran ( o en,(N¢ S)OH,)}** a 185-1 99-6 
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PABLE 3. Spfectrophotomeiric analysis of run 6 
femp 0 Initial conen. of ¢ en,(N l 0-00176m, and of 
amples were acidified, and eu a 2-fold dilution with water, before 
flength 4 cm. The observat ire in tl irst fo olumn ollowing 

calculated concentrations of trans-|Co « I 

H,),2* called [A], [B), and [C], respec 

mns are 100([B) + [C})/({A] + [B] 4 

Optical density 


0-290 
0-289 
0-270 
0-259 
0-240 
0-232 


0-216 


ential result is that, in this definitely bimolecular substitution, the tvans-chloro-cation j 
converted into 76°% of the cis-hydroxy-cation, and 24°/ of its trans-isomer, at 0° in wate 
At higher temperatures the figures seem to move ightly towards each other, but furthe: 
experiments on the temperature effect are desirabl: 


(2) Kinetics and Products of the Reaction of Hydroxide lon with trans-Bromoisothio 
cyanatobis(ethylenediamine)cobalt(iii1) Ion in Water 


OH~ +- trans-|Co eng(NCS) Br|* — cts- and trans-{[Co en,(NCS)OH }- Br 


2.1) Baste Chemistry rhe cis- and trans-series of bromotsothiocyanatobis(ethylen 


liamine)cobalt(1m) salts are both well characterised \part from close analogies with 
corresponding salts of the two chlorotsothiocyanato-series, the configurational identity of 
the trans-bromotsothiocyanato-salts is proved by their conversion, without rupture of thi 
cobalt-nitrogen bond, into trans-bromoamminobis(ethylenediamine) salts, which are known 
onfiguration, because their isomers of the cts-series have been optically resolved,™ 
f the basic chemistry of the reaction forming the subject of Section (2) i 
ection (1.1) 
Kinetic his reaction of the tvans-bromo-cation is faster than the corre 


ponding reaction of the trans-chloro-cation. Consequently, we have not been able to use 


the titrimetric method for following the reaction of the bromo-compound, because of thi 
increased error due to reaction in the course of titration. On the other hand, the spectro 
photometric method, by reason of the increased spectral differences, is a little more 
accurate than before Ihe high rates of reaction of thy omo-cation precluded measure 
ments at temperatures other than 0°. 
[he absorption curves on which the spectrophotometric method depends are in Fig. | 
Che usual checks were made as to the applicability of Beer's law. For the determination 
{ rate constants, we again used, as our index of the amount of reaction, the optical density 
at 4900 A of acidified samples of the solution rhe initial optical density was simply that 
lue to the employed bromo-cation. Owing to the high rate of hydroxylation with bromine 
nt, and the consequently reduced relative importance of the second stage of 
ylation with displacement of the isothiocyanato-group, a final optical density, to 
| to completion of displacement of the bromine, could be directly measured with 
racy; but we preferred to calculate it, fr r knowledge of the spectra of the 
meric aquo-cations, and of the proportion iich they are produced, as recorded 
ction (2.3) 
cond-order rate-constants, showing only a random scatter, presumably duc 
in timing the amples of these fast runs, could b ilculated for the first 90 6 OF 
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The constants for a number of runs are in Table 4 As they remain nearly the 
a 4-fold change in the initial concentration of each reactant, there can be no 
this hydroxy] substitution is a second-order proce 


1 econd-order spectrophotometric rate-constants and product-compositions for th 
hstitution of hydroxyl for bromine by hydroxide-ton attack on the trans-bromoisothio 
inatobis(ethylenediamine)coball(t11) ton in water at O 

jlanation at the head of Table 1. The complex bromo-cation wa pplied as per ‘ 
oxide ion as sodium hydroxide Rate measurements were based on the optical density « 
ith the calibrating extinction coefficients ¢, = 32 and ¢, 194, tl latter figure 

lor aqu isothio« inato-products containing 81% he « mer I 
tions during the progress of the runs wa 


engths 6800, 6300, and 4600 A 


pein 
I measurement 
ninations of optical den 


| } , Products 

no mmole (s 1 mole Mean 
1g] 

102 

103 

104 

105 

106 


teric Course.—The absorption curves of acidified reaction samples all go through 
point [his show that, if several coloured substances are being formed, then 
eing produced in constant proportion rhe analysis which gives the proportion 
1 the cis- and trans-hydroxy-products are formed, was made by reading the optical 
f the samples at three wavelengths, and then setting up simultaneous equation 
1 terms of the unknown concentrations of the three coloured substances, the 
in the equations being given by the extinction coefficients, recorded in Table 5 
ere measured in the pure substances at the same wavelengths The general 
e method is better than in the previous a icathe as illustrated by the 

is in Table 6. 


Extinction coefficients (e in cm. mole 1.) as determined for pure salts in 
, and used in the spectrophotometric measurement of composition 


5800 5300 4600 
Co en,(NCS) Br 154-6 84-4 36-3 
en,(NCS)OH,}* 37°7 145-3 161-5 
trans-|Co eng(NCS)OH,}? 100-3 185-3 77 


a wird 


ABLE 6. Spectrophotometric analysis of run 103 


Tremp. : 0 Initial conen. of trans-[Co en,(NCS) br 0-00141Mm, and of NaOH 
r explanation is at the head of Table 3, except that br must be read for C1} 


Optical density 


D 
0-187 
M214 
m230 
0-266 
O- 204 
O-380 0-305 
0-393 O-321 
0-411 0-345 
0-431 0-368 


4600 


ean ¢1 produc t 


in values of the stereoisomeric proportions of the products of the five runs thu 
ire included in Table 4 The results show that in this certainly bimoleculai 
ent of halogen by hydroxide ion from the trans-bromo-cation in water at 0°, there 


ned 81° of the cis-hydroxy-cation and 19°, of its trans-isomer 
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3) Kinetics and Products of the Reaction of the Hydroxide lon with cis-Chloroisothio 
cyanatolis(ethylenediamine)coball(ti1) Ion in Water 


OH cis-\Co eng(NCS)Cl)* —+ crs- and trans-|Co eng(NCS)OH 
Basic Chemistry.—This is as described in Sub-section (1.1) 

Kinett rhis reaction is too rapid to be studied kinetically by the titrimetri 
d, and it is not an easy subject for the spectrophotometric method, because much of 
orption curve of the cts-chlorotsothiocyanato-cation lies about midway between th 
for the crs- and the trans-aquoisothiocyanat itions, with the result that the change 
ption during reaction is somewhat slig! However, the relevant absorption 
as in Fig. 1, we have examined the k rT f the reaction, using the optical 
d samples at 4700 A as ind r mn progre Owing to the 
of chlorine displacement, the end of this process is not much overlapped by the 
of thiocyanate liberation, and hence second-order rate-constants could be 
er nearly the whole reaction rhe mean rate-constants for several runs ar 


hough they are not very precise, tl yply to a sufficiently wide range of 


reactant concentrations to leave no doubt that a second-order reaction is under observation 


(3.3) Steric Course.—Owing to the smallne if the changes of absorption it was not 
possible in this case to carry out complete analyses during the course of reaction, based on 
the absorption at three wavelengths [he reaction v therefore run to completion at 0°, 
and the absorption was measured at a single wavelength, one favourable for distinguishing 
between the cts- and trans-aquo-isomers, v1 1900 A Ihe extinction coethcient of the 
acidified reaction solution at this wavelength was 193-2, and from this and the extinction 

given in Table 2, for the separate aquo-sa it can be calculated that the 

LE 7. Second-order spectrometric rate ci n the substitution of hydroxyl for 

hlorine by hydroxide ion attack on cis-chloroisothi inatolis(ethylenediamine)cobalt(111) 
nin waler atv 


xplanatior I f Tabl 


For 


Mean 1-40 


mixture of isomers produced contained 80-3 ol the lorn us figure 1s slightly low, 
because, in the completed run, owing to the overlapping « action stages, a small 

ion of the aquotsothiocyanato-cations will become rep | by the less absorbing 
diaquo-catio1 By noting the approximate rate ol this slow further change, it 1s possible 


to make a rough allowance for its effect on our result sy ing so, we obtain an adopted 


value of 82° for the proportion of cts-hydroxy-isom 0 - tH t stage ol 
bimolecular hydroxylation of the cis-chloro-cation by hydroxide ions in water at 0 


+) Kinetics and Products of the Aquation of tran P thiocy tylenediamine) 
cobalt(111) Lon in 


NCS)OH, }* 
Co en (NCS)CI 4) 


trans (NCS)OH, |? 
described in Sub-section (1.1), our examination of the stabilities of the complex salts, 
onditions concerned in the investigations on their alkaline hydroxylations, led us 
ly certain reactions which these salts undergo in water in the absence of alkali These 
»bservations are described in Sections (4)——(6) 
4.1) Kinetics —In water at raised temperatures the frans-chloro-cation undergoes 
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aquation in two steps: first the chlorine is replaced by a water molecule, and then the 
isothiocyanato-group is similarly replaced. The first step is the faster, and its rate is 
independent of hydrogen ions at pH values of less than 5. The second step, however, i 
considerably retarded by hydrogen ions; and so, by working with acidities approaching 
that of pH 2, it becomes possible to ignore this step completely 
In these conditions the products of the aquation are simply the cis- and trans-aquoiso 
thiocyanato-salt But these do not appear in the ratio in which they are formed, because 
they undergo reversible interconversion. This reaction is rapid, but not instantai.-ou 
d therefore the aquo-isomers do not immediately appear in their equilibrium ratio, 
though at late times they attain these proportions. In fact, they do not appear in any 
constant ratio during the progress of reaction, and we are consequently precluded from 
measuring reaction progress by the change of optical density at a fixed wavelength. What 
we have done, therefore, is, first, to follow the changes of optical density at the three wave 
lengths, 5800, 53800, and 4900 A, then, with the aid of the constants in Table 2, to set up 
imultaneous equations for these optical densities in terms of the unknown concentrations 
three coloured substances, and, finally, to extract from these equations the one root 
nportance for the kinetics of the aquation, viz., that representing the concentration of 
ing chioro-cation 
disappearance of the chloro-cation follows the first-order rate-law. Our rat 
nts for this reaction are in Table 8. They fit the Arrhenius equation k, = B,e~*/*", 
8-f 10" sec.!, and E 30-4 kcal./mole. 
teric Course.——We failed to determine this for the reason that the specific rate 
ersion of the aquo-products (Section 6) is about 10—15 times greater than 
weir collective formation. This means that only a somewhat small fraction of the 
iny sample is causing a departure of the composition from the equilibrium 
hus the observed departures were too small, in relation to the errors of 


First-order spectrophotometric rate constants (k, im c.") for the aquation 
the trans-chloroisothtocyanatobis(ethvlenediamine)cobalt(it1 m in O-OOTON-agueou 
perchloric acid (pH 2-16) 


cation was supplied as perchlorate Optical « i t 5 ), 5300, and 4900 A were 


oncentrations were then calculated with the aid of tl <tinction coefficients of Table 2 


Initial 
Mean Kun Co galt Mean 
10®k, = 10h, no mmole /l 10°k, 10°, 

15-0 70-6 At 89-9 
0-106 ) ; 3°03 2-00 
O14 Lo ig 48 3-06 4:00 | ao 52 2-97 
Olid | 49 4-06 3°97 7 4°16 
GO 1lis 46 4°05 125 J { 5-09 


easurement, to justify the long extrapolation which would be required in order to give 
the composition of freshly formed aquation product 


elics and Products of the {guation of trans-Bromoisothtocyanat his(ethyvlenedi 
amine)cobalt(1i1) Ton in Water ; 


| cs Co eng(NCS)OH,}* 


H,O trans-|Co en,({NCS) Br j 


trans-(Co en,(NCS)OH,}* 


rhe general conditions applying to this aquation are as described above 
oro-cation, except that the aquation of the bromo-cation goes about 4 tim«e 
Thus its rate, and that of the following isomerisation, are more nearly comparable ; 
and therefore the proportions in which the aquo-products appear drift much more in the 
course of reaction. It is thus all the more necessary to use three wavelengths, rather thar 
one, for following the disappearance of the bromo-cation 
rom observed optical densities at 5800, 5300, and 4600 A, good first-order rat 
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constants for the aquation were obtained. These are given in Table 9. They agree with 
the formula k, = B,e~*/*? in which B, = 2-1 x 101° sec.-! and J 30-1 keal./mole. 


ABLE 9. First-order spectrometric rate constants (k, in sec.) for the aquation of the trans 
bromoisothiocyanatolis(ethylenediamine)coball(ii) 10 n O-OOT7TON-aqueous ‘perchlori 
acid (pH 2-16) 


The complex cation was supplied as perchlorate. Optical densities a 
ired, and concentrations were then calculated with the aid of the extinction « 


t 5800, 5300, and 4600 A were 
vethcents of Table 5 


Initial Initial Initial 
Co salt Mean Run Co salt Mean Run Co salt Mean 
mmole /! 105k, 10®R, no (mmole /! YR, 10%, n mole/l.) LO*R, lO*, 
At 62-6 At 70-6 At 89-9 
2°23 581 ) 110 2-13 rh 117 2-00 158 ] 
2-04 5-63 ‘a 108 3-02 V2 il 4-09 162 > 161 
74 [' 109 21 116 4°80 164 


92 


Steric Course.—The specific rate of aquation of the trans-bromo-cation, and the 
pecific rate of approach to equilibrium of the formed aquo-isomers, are alike to within a 
factor of 3. It follows that, if the cis- and trans-aquo-cations are formed in one ratio, but 
finally come into equilibrium at a different one, we should be able to observe a substantial 


this drift from the one isomer ratio to the other, the course of the aquation 


proce 
rhis ratio does indeed drift rhe spectrophotometric method of analysis, with which 
f the drift, to be so elaborated that it give 


we follow the kinetics of aquation, has, because o 
not only the concentrations of the surviving bromo-cation, but also those of the separate 
is- and trans-aquo-cations; and thus the analysis shows the drift, as illustrated in Table 10 
rhe simplest way to use these drifts in the measured ratio of isomers present in order to 
deduce the ratio in which the cis- and trans-aquo-cations are initially formed, would be to 
extrapolate the measured ratios back to zero tim However, an extrapolation of the 
length involved, if made empirically, would be somewhat hazardous; and it is safer to 
* wud it theoretically by fitting a curve of the right functional form to the data Phi 
we can do with the aid of rate-constants give tio 5.1) and (6 
TABLE 10. Spectrophotometric anal of run 116 
8O-O Initial 
ell of length | 


0-0070N-aqueous perchloric acid (pH 2-16 


br ClO, 0-00480mM Undiluted samples « 
at head of Tables 3 and 6.} 


Optical density 


D sa00 D sa00 
0-658 0-459 
0-620 0-488 
0-559 O-515 
0-520 0-545 
0470 0-568 
0-442 0-599 
0-396 0-607 
0-359 0-624 
0-325 0-641 
0-306 0-659 0-540 


Zw nwo@eca 


) 
9 
3 
44 50 


sacsce 


Let f be the fraction of cis-aquo-isomer in the total aquo-isomers present at any time ¢ 


rhen the precise way in which f will vary with time between its limits, f, at ¢ 0, and 


f ti 2m, will depe nd on the rates of aquation ai d isomerisation, in parti ular on the 
k_, of 


pecific rate k, of total aquation of the bromo-cation and the total specific rate k, 
to their equilibrium, The 
ri present, as measured by f, 1 


functional form of the variation with time of the isomer ratio 
xpressed in the following equation 
Re 


(ky t h 1) 


the approach, by reversible interconversion of the aquo-isomer 


exp { 
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ation of this formula is outlined below. While the composition of the isom 
as measured by /, is changing thus, the fraction /,, measuring the total progr 
is Increasing with time according to the formula 


| 


a 


I, exp (—k,f) 


jating t between these equations we can treat f as a function of F,, as is done in 

[he equation connecting f with F, contains only rate constants, which we have 

|, f,,, which we can measure, and one adjustable parameter f,. This /, measures 

ratio of isomers initially formed, and is our real unknown we choos 

heoretical curve for f fit the data as well as may be 

rimental values of f are plotted against /, for a number of runs in Fig. 3. Two 
are involved, but the scatter of points on account of analytical error | 
the temperature effect Theoretical curves ar 


it so as to make 


plotted, according to the 


al curve for 626° and ) for 89-9", and experimental values for 62-6' 
89°09", for the percentage 100f of cis-aquo-1somer contained in the total aquo-isomers present 
utage degrees of progress LOOF, of aquation of trans-|Co en,(NCS)Br}* in dilute 

1 Che intercepts on the f axis give the proportions in which the 


sation 


aqueou 
aquo-isomet ure 


40 
100 Fi, 


ns, for the two temperatures. (The flatter curve applies to the higher 
for which the isomerisation is less fast relatively to the aquation.) The 
parameters used in the equations in order to construct these curves are 
ections (5.1) and (6), and are in the middle three columns of Table 11 Phe 


this Table gives the results of these “ guided extrapolations,’’ viz., the 


j 


1] Rate data used to calculate the steric course of aquation of the trans-bromoisothto 


inatobis(ethylenediamine)cobalt(i1) ton from analytical observations on aquation 
undergoing isomerisation concurrently with production. Calculated ster 
f the aquation 
i xperimental 
lemp 
62-6 f : 16-4 lor 
‘ 340 x lo’ 
356 lo) * 


* Extrapolated for temperature 


required to give the fit shown in Fig. 3. It would appear that there | 
tereo-change in this aquation ; at 63°, the /rans-bromotsothiocyanato-cation 
, of the cis-aquoisothiocyanato-cation, and 57°, of its trans-isomer. 
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In order to derive the above equation for f, we first set down the concentration dx, of 


total aquo-products formed during an element of time dé, at ¢, 


dx, = Kg (|CXP | j { (1) 


rhe concentration of cts-isomer contained in this element of aquo-products, when freshly 

formed, will be fydx,. But, on account of the reversible isomerisation, at a later time ¢, 

the concentration of cts-isomer in this element of formed material dx, will have changed 
) fdx,, where 


(J tS) (Jo Seo) Xp Ry \ } (2) 


rhis concentration fdx, must be expressed in terms of the differential dé, rather than of 
dx,, by means of (1) and (2), and it must then be integrated from ¢, Otol, /, in order 
to obtain the total concentration of cts-isomer present at time t. We do not set down these 
teps as they are purely mechanical. The total concentration of aquo-isomers present at 
time ¢ is given by (3) 


(3) 


[he ratio of these concentrations i , the equation for which iven on p 1701, contains Se» 
cause of the use of equation (2) In the application of this equation, / is treated as 
known, and f, as the unknown. 


(6) Rate and Equilibrium in the Reversible Isomerisation of the cis- and trans-Aquoiso 
thiocyanatohis(ethylenediamine)cobalt(i11) lons in Water : 


Cis- === trans-{Co en,(NCS)OH, |? 


In warm aqueous solutions acidified with perchloric acid, each of the aquotsothio 
cyanato-ilsomers undergoes conversion into the other The composition thus tends to an 
equilibrium; but at late times this situation may be disturbed by a slow incursion of an 
aquation process in which a second water molecule enters the complex, with ejection of the 
isothiocyanato-group. However, this aquation is retarded by hydrogen ions; and so, by 
working at acidities near 0-O1N or higher, it can be made unimportant 

Using the pure salts c1s-(Co eng(NCS)OH,?* 5,0," 3H,O and trans 
Co eng(NCS)OH,)}** (Br )y2H,O, we have measured spectrophiotometrically the rate of 
isomerisation of either isomeric cation, and the ratio of their concentrations at equilibrium 
rhe index of reaction progress was the optical density at 4800 A. The incursion of a 
small amount of aquation at late times probably had no effect on the rate measurement 
However, in the long-period runs, which were made in order to determine equilibrium 
composition, it may have led to low estimates of the proportion of the more absorbing 
cis-isomer, since the diaquo-cation is a relatively weak absorber at the wavelength used 
Ot these long period experiments, those which started with the lvans-isomer are expected 

produced the more accurate result 
kinetics were those of a balanced reacti | first ord in both directions The 
, of the rate constants of the opposing r ions, 1 the specific rate of 


PI 
ipproach to equilibrium, could be cal ulated direct from the optical densiti by means 


i 


of the following equation 


ty = (2303/0) logy, (Dy 
Ihe measured specific rate-sums ky { hk, are in Table 12 They show that the rate of 
isomerisation is independent of the concentration of hydrogen ions within the range of our 
measurement rhe measured equilibrium compositions are also in Table 12. They show 
that the rate-ratio k_,/k, is approximately 5 
Chis isomeric change may be intramolecular, or it may be a substitution with stereo 
ange; but we cannot know which it is, nor, if the latter alternative is correct, how much 
ubstitution simultaneously occurs without stereo-change, in the absence of measurements, 
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ave not yet been made but are being undertaken, of the rate exchange with 
otopically labelled solvent water 


TABLE 12. SF urst-order vate-constants (ky + hk, m ) of approach to equilibrium, and 
stereorsomeric composition at equilibrium, in the reversible interconversion of cis 


and 
trans-aquoisolhocyanatobis(ethylenediamine)cobalt(111) tons in dilute aqueous perchloric 


EL 


acia 


Initial Initial [Co salt 
confign (mmole /1 
tran 3°63 
A 3-62 
cis 4°45 
me 4°65 
trans 3-66 


I quilm 


(7) Summary and Discussion 


ults recorded in the foregoing are collected in Table 13 


Part I, it is a pecularity of the octahedral geometry of the compl 
iat complete correlation does not exist between microchemical stereo-chang: 
iated with individual molecular acts of substitution, a form of stereo-change that car 


iced to the concept of “ edge displacement,” and observable changes of stereo 


classification in actual experiments on substitution. If the compound 
ited is a trans-isomer, then, and then only, the correlation is complete 


all molecular 
ibstitution that proceed without stereo-change then give a trans produc t, and all 


involve stereo-change yield a cis-product jut if the compound substituted 

ier, then, although all molecular acts of substitution that proceed without stereo 
the cis-product, those that involve stereo-chang: 

ict and thu 


X¢ inde! 


+} 


may give either cts- o1 


the proportion of cis-product found macrochemically is only ar 


Rate and steric course of reactions in water of bis(ethylenediamine)cobalt(111) 
tons containing the isothiocyanato-ligand 
Displaced Product ratio 
group (X) Temp 


cts tras 
on,(N¢ 5) X + 4. OH Sn ind tran 


tvans-Cl 


or tyvans-OH, 


81 
trans OH, 


s4 
imit to the proportion in which configuration is retained in the molecular tran 
vhuilst the proportion of trans product found is a lower limit to the 
tereo-change accompanies the molecular process¢ 

the three types of reaction for which stereochemical results in kinetically definite 
ons are here reported, the only one of which the mechanism is well established is the 


proportion in 
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alkaline hydrolysis (A), which is certainly a bimolecular nucleophilic substitution Sy2.* 
Discussion in the remainder of this Section will be confined to reactions of this type. The 
aquation process (B) will be discussed in Part VI 

In carbon chemistry, Sy2 substitutions produce quantitative inversion of configuration, 
independently of the constitutional details of the system f an analogous rigid rule held 
for cobalt substitutions, then, with all allowances made for the latitude with which, as 
recalled above, we must translate macroscopic stereochemical findings into molecular 
terms, it would still be true that a tvans-halogeno-factor would give 100% of the 
cis-hydroxy-product in an Sy2 substitution. As Tabie 13 shows in two examples, this is 
not true. And the molecular interpretation of the actual results obtained in these 
examples is that, whilst most of the individual molecular encounters resulting in 
substitution do produce a stereo-change, a significant fraction of them effect substitution 
with retention of configuration. 

It thus appears that in bimolecular octahedral substitutions no such sharp rule governs 
steric direction, as applies in the field of tetrahedral substitutions. Whether some less 
extreme form of the same rule applies, or, if not, what constitutional factors control the 
course of reaction, must be left for further experiment to determine 


(8) Pref aratton 


tvans-Dichlorobis(ethylenediamine)cobalt(11) chloride, the starting material for many of 
the following preparations, was obtained as described by Bailar,’ and crystallised twice from 
aqueous hydrochloric acid. lor some experiments it was further purified by extraction with 
and crystallisation from, weli-dried methyl alcohol in which the tris(ethylenediamine) salt, 
present as an impurity, is insoluble (Found; C, 16-7, 17-0, 17-1; H, 5-5, 5-5, 5-6; Cl, 37-7, 37-2 
Calc. for ChH,,N,Cl,Co: C, 16-8; H, 5-6; Cl, 37-3%) 

salts of cis- and trvans-chloroisothioc yanatobis(eth ylenediamine)« obalt(1) were prepared as 
Werner describes.* The bromide of the trans-series was crystallised from water when required 
only as starting point for further preparations, but was recrystallised from dry methyl! alcohol 
when required for measurements (found; C, 17-1, 17-1; H, 47,49. Calc, for C,H,,N,5CIBrCo 
C, 17-0; H, 46%). On treatment of a saturated solution of the bromide in water with a small 
excess of 72% perchloric acid, the trans-perchlorate separated, which was recrystallised from 
aqueous ethyl alcohol, but could not be analysed by combustion, because of the violence of its 
pyrolysis, By mixing a saturated aqueous solution of the bromide with one of potassium 
thiocyanate, the thiocyanate of the trans-series was obtained ; it was recrystallised from water 
The crude chloride of the cis-series was converted into the cis-perchlorate by grinding it with 
72% perchloric acid, and then triturating the salt which separated again with perchloric acid 
Chis salt was reconverted into the cis-chloride by adding concentrated hydrochloric acid to its 
concentrated solution in warm water; the salt formed was crystallised from aqueous ethyl 
ak ohol 

tvans-Dibromobis(ethylenediamine)cobalt(it1) bromide was prepared by Werner's method,™ 
and after trituration with concentrated hydrobromic acid was obtained as its hydrogen bromide 
adduct, from which the loosely bound hydrogen bromide was removed by washing the crystals 


* Inte rpretation of the second-order kinetics by an a ymed extraction by the basic reagent of a 
nitrogen-bound proton of an ethylenediamine group, to give a more easily aquated complex ion, is 
onsidered to be excluded by the absence of a relation between bimolecular rate and base-strength (cf 
Part Il 

the second-order alkaline reaction is ( lar substitution Sy2, not dependent 

onjugate-base formation, has very recent! en contested by Pearson, Meeker, and 

the ground that replacement, in cations such as trans-clichlorobis(ethylenediamine)cobalt(t1), 
bis(ethylenediamine) by tetrapyridyl or bis-2 : 2’-dipyridyl ligands, which have no nitrogen 

nd hydrogen, leads to a ready aquation which is unaccelerated by alkali up to pH #2 We think 
i greatly increased prominence of unimolecular hydrolysis in the presence of the aromatic ligands 
be expected for the known reason for which one finds it on passing from a n alkyl to a be nzyl halide, 
participation of aromatic w-electrons. The high rate bserved, especially with the dipyridyl com 
iggest that the above-named author their results by promoting a mechanism, 

suppressing one Moreover, as will be sh in Part VI, they could have obtained at 

t as gr degree of alkali-independence by retaining the ethylenediamine residues and simply 

langing the /rans-group (to a nitro-group moreover, wh by the mechanism, should favour alkali 


sensitivity 


‘ Tears Mecker, and Basolo, ]. Inorg. Nuclear C) 
Inorg. Synth., 1946, 2, 233 
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yl ether, and then heating af 


mmall amount ethyl alcohol 
the tris(ethyle ned! 


ome experiments, this salt was freed from its main impurity, 
tallisation from, well-dried methyl alcohol. 

cobalt(111) series were prepared 

thiocyanate and the bromide 


vith water (a 


by extraction with, and cry 


the trans-bromoisothiocyanatobis(eth ylenediamine 


method ™ from the above dibromo-bromids Che 
illised from water Che perchlorate was prepared fi 

vith concentrated perchloric acid, It was also prepared by treating a concentrated 
lution of the bromide with 72%, perchloric acid, and crystallising from water the salt 


eparated (Found: C, 14-4; H, 40. Cale. for C,H,,O,N,SCIBrCo: C, 144; H, 3-9% 
of the trans-hydroxy- and lrans-aquo-series were also prepared by Werner's methods 
loroisothiocyanatobis(ethylenediamine)cobalt(111) thiocyanate was dissolved in warm 
sium hydroxide, and the trans-hydroxyisothiocyanatobis(ethylenediamine 
oled solution, was washed with ethyl 


the thiocyanate by grinding 


za 


1eou pota 
thiocyanate, which separated slowly from the co 
| ethyl ether, and recrystallised from a small amount of dilute aqueous potassium 
C, 21-6, 21-6; H, 5-9, 5-6; H,O, 6-6. Cale. for C,H, 
7000 to 3850A of an acidified 
olution prepared in equivalent con 


Found 7ON,5,C0,H,0: C, 21-6 
Hy, 55% [he absorption spectrum from 
ion of this salt was identical with that of a 
next to be mentioned A concentrate 
one of bromine-free hydrogen bromide in very 
othiocyanatobis(ethylenedi 


d aqueous solution of the 


n the aquo-salt 

yas mixed with slight exces 
it low pressure over sulphuric acid, trans-aquot 
bromide separated as its dihydrate (Found { 13:0; H, 60; H,O, 11-9 

ON, SBrCo,2H,0 : C, 13-3; H, 49; H,O, 120% 

method * of preparing salts of the cis-hydroxy- and aquo-series gave low and 

He made the dithionate of the hydroxy-series by treating tran 

dithionate with concentrated aqueous 


H 
er 
ields in our hands 
thiocyanatobis(ethylenediamine)cobalt (111) 
nd from the hydroxy-salt he generated the dithionate of the aquo-series by addition 
very pure, the reaction take 


ic He mentions that, unless the original chloro-salt i 
Phough we are not convinced that its formation has much to do with 


vanted direction 
product is formed, often 


of purification of the chloro-salt, we confirm that a by 
and we have identified it, by analysis, and by its absorption spectrum, as 
dithionate cause of the difficulties of 


tage 


amount 


roamminobis(ethylenediamine)cobalt(111) 
and cis-aquo-salts with the aid of an ion-exchange 


i* from cis-chloroisothiocyanatobi chloride. A solution of 


in water (115 ml.) was passed through a column, 60cm 2cm., of Amberlite IRA 
Che elutriant was acidified to pH 4 by addition 


thod, we have prepared cis hydroxy 


ethylenediamine)cobalt(r1) 


oY 
droxide form at a rate of 5 ml. /min., 
is dithionic acid, freshly prepared from barium dithionate and sulphuric a id, and was 
20 ml., and then set to crystallise after being warmed to 
lhe orange salt which separated was the nearly pure 


and by addition of more ethyl alcohol a further 


ted under reduced pressure to 15 
having some ethyl alcohol added 


trihydrate of the cis-aquo-series 
f the same salt in a less pure form could be obtained from the purple solution, which 
further purified by two more 
1 no further change in the 
Che 


ed the trans-isomeride rhe first crop of the cis-salt wa 
itions from aqueous ethyl alcohol, the last of which produce: 
ion spectrum (yield 2 g a further 1-8 g. were obtained by working up residues) 
dried in a vacuum over sulphuric acid, and then left in air to regenerate the trihydrate 
Co, 12°56, 12-4, 12-6, 12-6; S, 20-4; H,O, 15-2. Co en,(NCS)OH,)5,0,,3H,0 requires Co, 
20-5; H,O, 15-3%} rhis salt on gentle dehydration loses only its 3H,O of crystallis 
ich it can recover by exposure to the air; but on stronger dehydration (as in the above 
converted into the dinuclear salt, 


yanatotetrahis(ethylenediamine)dicobalt(111) dithionate, which on exposure to air take 

to form its tetrahydrate {Found: Co, 13-5; H,O, 8-6 
rhe absorption spectrum of this 
The latter was converted 


alt, by treatment of a con 


loses also its H,O of constitution, and become 


he total amount of water lost, 

NCS) 9}(5—gO4)g,4H,0 requires Co, 13-6; H,O, 83%} 

turally quite different from that of the mononuclear parent 
he thiocyanate of the cis-aquo-series, which is an anhydrou 
ed aqueous solution of the dithionate with ammonium thiocyanate, and crystallisation 


ulting thiocyanate from water, 


(9) Methods of Measurement 
alt, di lved in the solvent, aqueous 


e alkaline hydrolytic runs, the weighed complex 
te-free standard aqueous sodium 


hol, or boiled-out distilled water, and also carbona 
10 0, 72 i748 


| Steringer, / timer. Che 2 
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hydroxide, and the water needed to adjust the volume of the reaction mixture, were separately 


brought to thermostat temperature, and then the reaction solution was made up lrimed 
amples, withdrawn by an appropriately jacketed, fast nning, 5 ml. pipette, were delivered 
t xcess Of aqueous perchloric acid 
titrimetric analysis, this was a measured an 
on was titrated with sodium hydroxide by using 


pectrophotometric analysis, the reaction samples wer 


nt of standard acid, and the resulting 
. glass electrode and calomel half-cell 
| lelivered into acid contained in 10 ml 


tandard flasks and, after making up to the marked volume, the absorption of light was 
measured, at one or more wavelengths, by means of a Unicam Quartz spectrophotmeter SP 500 
For the aquation runs the sealed-tube method was used rhe reaction solution was made 
up, from the weighed salt, water, and aqueous perchloric acid, at room temperature, and the set 


of tubes was then charged and simultaneously put into the thermostat. As soon as thermal 
equilibrium had been reached, one tube, and after timed intervals other tubes, were withdrawn 
and cooled in solid carbon dioxide and aicohol in order quickly to stop the reaction. Their 


contents were then brought up to room temperature and analysed spectrophotometrically. 
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336. Mechanism, Kinetics, and Stereochemistry of Octahedral Substi- 
tutions. Part V.* Bimolecular Basic Hydrolysis and Aquation of 


. es , ' ‘ , 
Some Halogeno- and Nitrato-amminobis(ethylenediamine)cobalt(1) 
Tons, 

By R. S. NyHo_m and M. L. Tosi 
his paper continues the report o teric course, in kinetically 
controlled conditions, of bimolecular nucleophilic substitution at octahedral 
cobalt. The present examples relate to the displacement by attacking 
hydroxide ions in solvent water of halogeno- or nitrato-ligands from halogeno 
or nitrato-amminobis(ethylenediamine)cobalt(im) ions The reactions are 
bimolecular, totally and with respect to each of the partial reactions leading 


tereoisomeric products, which underwent neither isomeric change nor 


to the 
O° the 


further substitution under the conditions of their formation. At 


trans-chloro-cation gave 76° the cis-chloro-cation 84%, the cis-bromo 


/OF 
cation 85° and the cis-nitrato-cation 86°, is-isomer, in the mixture 


of and trans-hydroxy-isomers formed When the d-cis-chloro-cation was 
of the d-cis-isomer of like 


employed the hydroxy-product contained 60 

configuration, and 24% of its optical enantiomer, besides 16% of the 
lyans-isomet With the d-cis-bromo-cation the proportions of the same three 
products were 58%, 26%, and 15%, respectively With the /-cis-bromo 
ition the proportions were 27%, 58%, and 15%, respectivel) and it is now 
the second of the three isomers which has a configuration resembling that of 
Apart from the additional particulars furnished 


the initial halogen compound, 
these stereo 


e use of optically active compounds in the present serie 
chemical findings, applying to reactions of a number of cations characterised 


the presence of the ammonia ligand, ck 


} ' 


uv i 


ely resemble those reported in 


receding paper for reactions of a series of cations characterised by the 


e of the isothiocyanato-ligand rhe directing effects of these two 


on the substitutions are, therefore, eithe 
tion of the degree of importance attaching to orienting effects, by 
present already, on bimolecular octahed: ibstitutions is brought 


' 
i 
en 


negligible or equal; and so 


into the foreground. 


The rates of the aquations which the prem ind nitrato-cations 


ndergo in aqueous acidic solutions have been tneasured, though these 


reactions are detectably reversible in the conditions used 
HIS paper describes an investigation of the kinetics and stereochemistry of some further 
| 4 


bimolecular substitutions, in which an attacking hydroxide ion replaces a ligand in variou 


* Part LV, pre ing { 
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bis(ethylenediamine)cobalt(111) cations, containing a characteristic unreplaced group. 
rhe latter group is the ammonia ligand in the present examples. The dispiaced groups are 
the chloro-, bromo-, and nitrato-ligands. The complex cations were examined in trans-, 
DL-ci r D- or L-cis-form 


(1) Kinetics and Products of the Reaction of Hydroxide Ion with the trans-Chloro 
amminolis(ethylenediamine)cobalt(11) lon in Water : 


OH” + trans-(Co engN H,Cl\* — cis- and trans-[Co engNH,(OH)|** + Cl 


Basic Chemistry.-The cis- and the trans-series of salts of chloroamminobi 
liamine)cobalt(111) are well characterised, and their configurations are mad 
/y the optical resolution of the cis-salts.' 
ere are a number of chemical differences of analytical importance between the 
no-cations and the tsothiocyanato-cations discussed in the preceding paper. The 
nmino-ligand does not interact with silver ions. This makes available the method of 
following halogen displacement by silver titration of the produced halide ion, in acidified 
unples of the reaction solution. Actually, this method is not convenient for following the 
ukaline hydrolysis of the trans-chloroammino-cation, because of the high reaction rat 
but it was used in the study of the more slowly reacting cis-chloroammino-cation. 
lhe ammino-ligand is not displaced at all in dilute aqueous alkali at 0°, the conditions 
in which we have investigated the kinetics of displacement of the halogen; 1.¢., there is no 
detectable second step of hydroxylation in these condition This meant that, in following 
the kinetics of the chlorine displacement by the spectrophotometric method, we were able 
to use the “ infinite-time ”’ reading. Another important advantage is that, provided we 
prove that the cts- and trans-hydroxy-products are formed primarily, simultaneously, and 
in constant ratio, and that they suffer no subsequent interconversion in the conditions of 
their formation, we can deduce the steric course of the substitution directly from the 
in which the hydroxy-isomers are present at the completion of the proc 
ithout needing to trace their proportions throughout the reaction. It happens that, on 
.ccount of the character of the spectra concerned, the latter method would have been 
mhcuit to apply. 
In following kinetics by the spectrophotometric method, the reaction in alkaline solution 
topped by the addition to withdrawn samples of excess of acid, which also protonates the 
Ir unmino-products, to give aquoammino-products. The resulting spectrum thus 
three coloured substances, the original trans-chloroammino-cation and the 
| cis- and trans-aquo-cations. The “ infinite-time ’’ samples were also examined 
lification ; their spectra depended only on the cis- and trans-aquo-cations 
ertain questions of stability required to be investigated. By means of spectrophoto 
measurements with pure frans-chloroammino-salts and pure cis- and trans-aquo 
alts, prepared as described in Section 7, it was established (a) that the cis- and 
ans-hydroxy-cations in alkaline solution undergo no isomerisation or other reaction at 
iperature at which the chlorine displacement was conducted; (6) that no isomeri« 
e accompanies the protonation of either hydroxy-cation by acidification to give th 
ponding aquo-cation; (c) that the trans-chloro-cation is stable in acid solution at the 
emperature of the optical measurements; and (d) that the pure cis- and trans-aquo-cation 
both remain unchanged in acid solution under the conditions of the analytical measure 
ment On the other hand, in aqueous acid at higher temperatures than those used in the 
tudy of the alkaline hydroxylation, the trans-chloro-cation undergoes aquation, as will be 
described in Section 5 
Kinetics rhe spectrophotometric method was used, water being the solvent ; 


wctra on which it depends are shown in Fig. 1. They have the peculiarity that 


I 
the absorption curves of the chloro-cation and the two aquo-cations do not differ strongly 
throughout the visible and near-ultraviolet regions, until near 3000 A, at which the chloro 
cation suddenly becomes strongly absorbing, and both aquo-cations weakly absorbing 
At this wavelength then, we can conveniently follow the progress of the hydroxylation, 


Werner, Ber., 1911, 44, 1887 
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without concerning ourselves with the stereoisomeric composition of the hydroxy-products, 
which can have no appreciable influence on the measurements. 

It is necessary to be particularly careful about the applicability of Beer's law when 
working at a wavelength near 3000 A, because this is not very far from where some of the 
anions used show appreciable absorption, and near-lying absorption bands of cations and 
anions are liable to be mutually broadened by the electrostatic interaction of the ions. This 
upsets Beer’s law, because the extent of such interaction depends on concentration. An 
examination showed that the disturbance was actually inappreciable for the trans-chloro 
ammino-salts throughout the range of concentrations over which we used them, but that it 
began to be appreciable for the cis- and trans-aquoammino-salts in the concentrations in 
which they were built up towards the end of some of our runs If the effect is indeed one 
of electrostatic interaction, it appears plausible that it should become noticeable at lower 
concentrations of the triply charged aquo-cations than of the doubly charged chloro-cation 
Its influence on the apparent kinetics was to cause a drift in the rate-constants towards the 
ends of certain runs. That this was an analytical, and not a kinetic, disturbance was 


80 ~~ 


a 
S 


l pectrophotometric Cur 
sfinchi efficients fo halogeno 
ind aquo-ammunobis (ethylenediamine 
obali(iit) tons in water : 
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2) trans-|Co eng(NH,)(OH,) |** ; 
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Latensity (é) 


— 
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dg ap 
Wavelength (A) 
confirmed in corresponding experiments with the cis-chloroammino-cation, in which it was 
observed with the spectrophotometric, but not with the titrimetric, method of analysi 
Good second-order rate-constants could be calculated for the major parts of all runs, 
and for almost the whole of some. It is a result of the doubled charge on the chloro 
cation that the negative primary salt effect on reaction rate is noticeable For ion 
trengths up to 0-02, the slope of the plot of the logarithm of the rate constant against the 
quare root of the ionic strength approaches the theoretical slope for point-ions, though at 
sreater ionic strengths the slope falls off, as it should theoretically for space-occupying ion 
Our rate constants, given in Table 1, show this salt effect rhe most important thing 
they show, however, is that, at ionic strengths from 0-02 downwards, these second-orde1 
rate constants show only such small variation as is quantitatively required by electrostatic 
theory, despite a 4-fold variation in the initial concentration of the trans-chloro-cation and 
a 20-fold variation in the initial concentration of hydroxide ion. This leaves no doubt that 
1 bimolecular reaction is under observation 
(1.3) Steric Course.—The ab orption curves of the chloro- and of the two aquo-cation 
idapted for accurate analyses of mixtures of all three coloured materials, because 
l! three curves, or two of them, follow one another too closely. But the solution at 
| of reaction contains no chloro-cation, and, being stable under the conditions of 
measurement, it can be analysed, after acidification, for the ratio in which the two aquo 
cations are present, by using the wavelength at which these cations have the greatest 
difference of absorption, viz., 4800 A 
It then necessary to show that the ratio wv V tereomomeri products are 
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» pectrophotometric second-order rate-constants for the substitution of hydroxy: for 
hy hydroxide-ton attack on trans-chloroamminobis(ethylenediamine)cobalt(t11) 
ater ay 
plex cobalt cation was supplied as its chloride perchlorat nd the hydroxide ion as 


in some experiment sodium perchlorate was added in o1 r further to raise the ion) 
\ 


fhe indicator of reaction progress was the optical density idified samples at 3000 


nal extinction coefficients were taken as € 312-4 and ¢€, 13-0. Rate constants were 


vith the equation 4 {2-303 /t(¢ 4)) bia ¥)} se ' mole | 


Initial concns 


nmole/l| Initial concn 


lon lon 

if NaOH trength ) © Salt NaOH \ strength kh, 
1-52 0-55 00-0051 < 6 ( 00-0210 1-05 
0-94 4-17 00070 i 33! 00219 1-03 
1-66 4-03 O09! ( : Bf 00-0286 1-00 
1-64 7:06 00129 : 3: 36 00369 0-04 
(84 11-80 00143 42 2-12 i 00404 0-79 
1-65 11-80 0-0168 9.12 00-0605 0-73 
WO 12-12 00-0205 


1 at the end of reaction is also the constant ratio in which they appear in the course of 


fhe proof of this lies in the four common intersections of the curves in Fig. 2, which are 


the absorption curves of acidified samples of reaction solution, withdrawn at different tim: 


during run fhe common intersections mean either that the one original coloured 
ubstance is being replaced by only one coloured product (and we know that this is not 
tru w that it is being replaced by more than one, under the condition that these are 
formed in a strictly constant ratio, and, once formed, undergo no further change. Taking 
iccount of the overall kinetics, we must conclude that the two hydroxy-isomers are formed 

in simultaneous reactions, eac h of the ¢ ond orde I 
[he proportions of the isomers formed at 0°, the only temperature for which kinetic 
control has been applied, are in Table 2, The Table includes some similar measurements of 
er ratio, which have been made at higher temperatures, where, however, th« 


too fast to allow of rate measurements by our method 


Proportions in which cis- and trans-hydroxyamminolis(ethyle nediamine)cobalt(11) 
ions ave formed in the bimolecular reaction of hydroxide ions in water with tians-chloro 
amminobis(ethylenediamine)cobalt(111) tons 


tometric measurements were made on ‘ d sample it 4800 A The extincti 


f the pure aquo-isomers, as determined { elength, were €,,, 65-2 and Cyan, 


lemperature 
extinction coethcent 


Isomet 


Kinetics and Products of the Reaction of Hydroxide Ion with the d-cis-Chloro 
amminobis(ethylenediamine)\cobalt(1n) Jon in Water : * 


d-cis-\Co engNH,Cl)? > d-cis L-cis- +- trans-|Co engNH,(OH))** + Cl 


Basic Chemistry All this is as described for the trans-chloro-isomer in Sub 
ee exc pt that here the optically active cis-chloro-, cis-hydroxy ‘ and ci: aquo 
ire optically stable (as well a being stable in the other ways considered in that 
ction), under conditions relevant to the determination of the kinetics and steri« 
»f the reaction of hydroxide ion with the chloro-cation 
issumption is necessary concerning the relative configurations of optically active 
ydroxy-, and aquo-cations. The last two are, of course, related by their mutual 
rtibility without stereo-change : in fact, we examine the hydroxy-cation in the 
protonated derivative, the aquo-cation. As to the relation between optically 


ning the configurational labelling of optically active cobalt ions, pending determination of 
nfigurations, see footnote in Part I (/., 1953, 2675 In the present paper we pr 
as d that enantiomer of f bror ! i nobis(eth ylenediamine 


h is dextrorotatory f{ odiun 


1956 | Stereochemistry of Octahedral Substitutions. Part V 


active chloro- and aquo-cations, Mathieu* concluded from his study of the circular 
dichroism of the active absorption bands of these cations, that the isomers which are 
dextrorotatory towards sodium-D light have corresponding configuration We have 
accepted this highly probable conclusion. 

(2.2) Kinetics.—These have been followed by the spectrophotometric method, and 
checked by titrimetric, and also, though only roughly, by polarimetric examination, 

lhe absorption curve for the cis-chloroammino-cation is contained in Fig. 3: it has to 
be compared with the curves for the cis- and trans-aquo-cations, given in Fig. 1 rhe 


> 
Ld 


olometric curves of optical 

cell of sample 5 from run 

“us times, Given tn minutes 

ciated with the curves T he 

nlevsections show that the 
ing formed in constant pr 
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comparison shows that, although, as before, an acs ite spectrophotometric determination 
of the three coloured substances simultaneously icidified reaction samples is not possible 
one can use the optical density at 3000 A to give the concentration of surviving cts-chloro 
cation, without needing to know the isomer ratio of the prod iced a juo-cations ; and, at the 
end of reaction, when the chloro-cation has disappeared, one can use the optical density at 
1800 A to find the ratio of the aquo-isomer following the kinetics of the chlorin 
displacement by means of the optical density of a ed samples at 3000 A, care was taken 
to work within the ascertained range of valid f Beer's law, although this meant 
neentrations of the aquo 


| 


excluding some readu gs in the presence of re 
atio! Within these wide limits, good seconcd-ord: ite-constants could be calculated 


rhey are listed in Table 3 
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A few runs were followed by measuring the liberated chloride ion in acidified samples 
by titration with silver nitrate using a silver electrode. As the complex cation was taken 
in the form of its bromide, the titration curve showed two equivalence points, one in a 
constant position, corresponding to the end of the precipitation of silver bromide, and a 
second one in a varying position, representing the completed precipitation of silver chloride 
the measurement of chief interest was the separation of these equivalence points. The 
econd-order rate-constants thus obtained are also given in Table 3. 

lhe polarimetric method of following the kinetics was inaccurate, owing to the difficulty 

tting enough light, of such wavelength that the rotation underwent sufficient change 

hrough the absorbing solutions. This difficulty was especially great near the beginning 

vhen a considerable proportion of the chloro-cation was present. Having regard 

mitations and difficulties, we chose to work with sodium-D light. It was of 

help that linearity could be proved, as Sub-section (2.3) describes, between optical 

he spectrophotometrically determined percentage of reaction. This linearity 

| initial and final rotations to be fixed fairly accurately by extrapolation. For the 

variation of the rotation between these limits, second-order rate-constants were calculated 
give the mean value entered in Table 3. 

[he main result here is that the spectrophotometric values of the second-order rate 

tant do not change by more than 10% over an 8-fold change in the initial con 
centration of the complex cation, and a 4fold change in that of the hydroxide ion. It i 


3 pectrophotometric, itrimetric, and polarimetric rate-constants for the substitution 
of hydroxyl for chlorine in d-cis-chloroamminolis(ethylenediamine)cobalt(ii1) ton in 
water atv 


Phe mplex cation was supplied as its bromide. In the spectrophotometric method of analysis, 
yptical density of acidified sam ple s at 3000 A was u sed, the initial and final extinction coefficients 
taken as €, 189 and ¢€, 13-3 Ihe titrimetric method employed silver titration of chloride 
etric readings were made at 5893 A, initial and final molecular rotations being take: 

157 Rate constants were caclulated as noted in Table | 


itial CO ) ole/l 
l Toni. Run Initial ncn mmole /] lonic 


NaOH) strength A, * no. Method [Co gal NaOH} strength &, 
3°BS 0-0091 0-48 : ‘ 14°29 0-0278 0-43 
7°74 00132 0-50 23 ‘ 10-87 0-0322 0°45 

10-84 00135 0-47 sf 11-87 OO0310 0-49 
7:74 00166 O50 4 vee 12-12 00350 0-52 
14-29 00199 0-50 36 F ; 11-87 00-0402 0-50 

10°87 O-0220 O47 several Polar Various” ) ~0°5 

(mean 


. 


* In sec. mole™ | 


a second-order reaction is being observed. One can just discern the 


alt effect, but the ionic strength was carried neither low enough nor 
tablish it clearly. The titrimetric rate-constants seem to be a littl 
he spectrophotometri On account of the difficulties mentioned, the 

value is only rough 
3) Steric Course.——The ratio in which the alkaline hydrolysis of the d-cis-chloro 
unmino-cation produces cis- and trans-hydroxy-cations was determined essentially as 
lescribed in Sub-section (1.2): it was first shown that the cis- and trans-aquo-cations 
ippear in a constant ratio on acidification of samples taken at various stages of the 
reaction; and then the value of that ratio was determined in acidified samples, taken after 
ompletion of the reaction, as can then be done by measurement of optical density at 

iR00 A 

rhe new feature of the experiments now described is the determination of the ratio in 
which the original d-ets-chloro-cation produces d-cis- and /-cis-hydroxy-cations. The type 
procedure was broadly similar. It was necessary to show that the enantiomers are 
1a constant ratio, and that, once produced, they suffer no further change : then, 
which they are formed could be equated to the ratio in which they finally 
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constancy of the ratio of the formed enantiomers was established by measuring, in 
a series of acidified examples taken at various times during the progress of reaction, (a) the 
optical density at 3000 A and (6) the optical rotatory power at 5893 A Ihe first measure 
ment gave the proportion in which reaction had occurred at the time of sampling, and so 
the second measurement enabled a relation to | t up between the molecular rotatory 
power of total complex cations in the acidified solution, and the extent of reaction. This 
relation proved to be linear, as shown in Fig. 4; and the linearity shows that the d-cts- and 
l-cis-hydroxy-cations are appearing In a constant ratio Their optical stability, once 
formed, was established by measuring the optical rotatory power at 5893 A of a series of 
acidified samples, taken during reaction and long after it had been « ompleted. It was found 
that the rotatory power changed while reaction continued, but then remained constant for 
at least 50 half-lives 
The straight line of Fig. 4 can be extrapolated to |M),, 157° at 100% reaction. It 
follows that the d-cts-, l-cis-, and trans-aquo-isomers are then present in such proportions 
that collectively they have this molecular rotatory power. We may also conclude that, 
throughout reaction, the d-cis-, l-cis-, and trans-hydroxy-isomers are produced in just the 
same, constant, proportions. We know the proportion of trans-isomer in these isomer 


600° ; 
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mixtures from the spectrophotometric measurements at 4800 A Thus the only figure 
till required in order to complete the analysis is the molecular rotatory power of a pure 
cis-aquo-enantiomer, 

rhe cis-aquo-ammino-series of salts has not yet been optically resolved, and the best 
available figure for the maximal rotatory power of this cation is due to Mathieu.* He 
prepared it by allowing an aqueous solution of three equivalents of silver nitrate to react 
with fully resolved d-cts-bromoamminobis(ethylenediamine)cobalt(i1m) bromide. The 


, 


rotation of the resulting solution was equivalent to |M)},, +450 A study of the cireular 


Proportions in which d-cis-, l-cis-, and trans-hydroxyamminolis(ethylenediamine) 
are formed in the bimolecular reaction of hydroxide ions with d-cis-chloro 


j 


amminobis(ethylenediamine)cobalt(11) tons in water al O 
lCusoo [M Db 
cis~-Aquo~ ‘ 65-2 Aq tion +450 
trans- . 47-7 J at ! 7 + 157 
Aquo-catio iixture P 62-4 


= Final aquo-ise 


1 of this solution led to the conclusion that the configuration of the aquo-cation 
d to that of the bromo-cation from which it had been derived, and, further 


| 


le if any racemisation accompanied the aquation. We therefore use this 


tt 


r to complete the isomer analysis aA shown In lable 4 
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<inelics and Products of the Reaction of Hydroxide Jon with the d- and |-cis-Bromo 
amminolis(ethylenediamine)cobalt(t11) Ions in Water . 


d- or L-c1s-[(Co engNH,br)* — d-cis- +- L-cis- +- trans-(Co engNH,(OH))** -+- Br 


Basic Chemistry.—The trans- and d- and L-cis-series of bromoamminobis(ethylens 
cobalt(i1) salts are all well characterised: we had available both enantiomer 
of the cis-salts.! The same questions of stability were checked as are mentioned in 
ib-sections (1.1) and (2,1), by the same methods, and with the same results. 
In order to be able fully to specify the steric course of the reaction, we have to make an 
iption as to the configurational relation between a bromoammino-cation and an aquo 
cation having signs of rotation related in a given way. Again we accept Mathieu’ 
usion,* based on his study of circular dichroism in these materials, that those bromo 
aquo-cations which have the same sign of rotation for sodium-D light have corre 
ling conligurations 

2) Kinetic rhe reaction is very fast, and therefore, to give time for sampling, 
nt concentrations had to be kept so low as to render inaccurate the titrimetric and 
larimetric method of following the kinetics. The latter method was excluded for th« 
that light absorption by the bromo-cation is inconveniently great Phi 
of this reaction were therefore investigated by the spectrophotometric method 


Che absorption curve of the cis-bromo-cation is in Fig. 3, whilst those of the cis- and 


trans-aquo-cations, which the reaction product gives on acidification, are in Fig. 1. It i 


i 


an advantage that the cis-bromo-cation begins to absorb light much more strongly than 
either aquo-cation already at 3700 A, so that the kinetics of the disappearance of the 
bromo-cation can be followed very conveniently at 3400 A, which is sufficiently removed 
from the shorter-wave region, in which the cations and anions begin to perturb each other's 


bands, with a consequential breakdown of Beer’s law. Thus, good second 
constants could be calculated, over a sufficient range of reactant concentrations 


for 


LES pectrophotometric second-order rate-constants for the substitution of hydrox 
bromine in d- and |-cis-bromoamminolis(ethylenediamine)cobalt(111) ion in water at 0 


| antiomeric bromo-cations were supplied as their bromicd Optical densities of acidified 
ple $400 A were measured, the initiz! and final extinction coefficients being taken as ¢, 105 
P 7-3 Rate constants were calculated as in Table 1 

Initial concn Initial concns 
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6. Proportions in which d-cis-, |-cis-, and trans-hydroxyamminobis( ethylenediamine) 


ult(u11) tons are formed in the bimolecular reaction of hydroxide ions with d-cis- and 
ith |-cis-bromoamminobis(ethylenediamine)cobalt(t11) ton in water at 0 
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to establish the second-order form of the reaction. Such measurements, some on d-cis 
and some on /-cts-bromo-salts, are recorded in Table 5 

(3.3) Steric Course. —The method followed closely the lines sketched in Sub-section (2.3). 
[he results are in Table 6. 


(4) Products of the Reaction of Hydroxide lon with dl-cis-Nitratoamminobis(ethylene 
diamine)cobalt(111) lon in Water 


Ihe reaction of this cation with hydroxide ion at 0” in water was too fast to permit 
kinetic investigation. Thus we have no proof of mechanism, but the high rate itself is an 
irgument in favour of the bimolecular nature of the substitution process. 

In the circumstances, we were able to determine only the isomer ratio in the hydroxy 
cations formed when the cis-nitrato-cation, supplied as nitrate, interacts with sodium 
hydroxide in water at 0°. The analysis was made, as usual, by measurement of the 
extinction coefficient at 4800 A, of the acidified product of the completed reaction. The 
mean value obtained was 62-8. The composition of the formed hydroxy-substitution 
product is therefore: cts 86°, trans 14%. 

Che absorption curve of the cis-nitrato-cation was useful in the experiments described 
in the next Section, and is shown in Fig. 3. 


(5) Rate and Equilibrium in the Aquation of trans-Chloro-, cis-Chloro-, cis-Bromo 
and cis-Nitrato-amminobis(ethylenediamine)cobalt(1t1) Ions 


Examination (pp. 1708, 1710, 1714) of the stabilities of the above cations in acidified 
aqueous solution at temperatures near those at which their alkaline hydrolysis was investi 
gated showed that no changes occurred in these conditions; but these experiments led us to 
observe that in acid aqueous solution at raised temperatures the cations undergo an 
aquation, in which the halogeno- and the nitrato-ligand become replaced by a water 
molecule, We took the opportunity to make approximate measurements of the rate of 
these change We could not measure their steric course, because, as will be explained, 
that would have required measurements of the isomer ratio of the cis- and trans-aquo 
products near the commencement of reaction, and, as noted already, we have no method 
of measuring this ratio in the presence of the halogeno-ion his is equally true for the 
nitrato-1on 

However, the rates were measured, sometimes with an optically active cis-isomer, o1 
with a racemic cis-, or a trans-salt; and usually by the spectrophotometric, but occasionally 


by the titrimetric, method. The reactions were found to be approximately of first order, 


ind some rate constants are given in Table 7. 


PABLe 7. First-order rate-constanis (k, in sec.-*), and equilibrium extent of aquation of 
eno- and nitrato-amminobis(ethylenediamine)coball(iil) cations in O-L7N-aqueous 
acid 
Aquo 
Initial salt f e/l é d formed 
ans-(Co engNH,Cl)**Cl- Clo, . 


” ” 


Co en,NH,Cl)** (Br 
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their detail, the experimental methods were just as for the investigation of th 
lkaline reactions of the same halogeno- and nitrato-cations, except, of course, that the 
unples for analysis had to be chilled and did not require to be acidified. In the spectro 
photometric method, the extinction coefficients for completed aquation were taken to br 
t] observed on acidification after the corresponding completed alkaline hydroxylation 
Any difference in the isomer ratio of the aquo-cations, as formed by aquation and through 
alkaline hydrolysis, was thus neglected in the optical calibration; but at the operative 
wavelengths, 3400 A in the aquation of the bromo-cation, and 3000 A in all other cases, 
the absorption of either aquo-cation is so weak relatively to that of the original halogeno 
or nitrato-cation that an uncertainty in the ratio of aquo-isomers makes no practical 
[t appears that the aquations do not go quite to their stoicheiometric completion : the 
nts to which the forward reaction was realised are entered in Table 7. One effect of 
appreciable reversibility was that, in the absence of an investigation of the kinetics of 
trograde reaction, we had not an exact formula with which to calculate the rate 
tants of the forward proce We therefore first calculated a specific rate of approach 
ulibrium by means of the formula for a reversible reaction of first order in both 
and then we multiplied this by the fractional extent to which the aquation gox 
accepting the resulting first-order rate-constants of the forward process until they 

drift near the equilibrium point. Such drift is an indication that the retrograde 

is beginning to attain a sufficient relative importance to re quire a more accurate 
tation of its kinetic form: but before the onset of drift, the forward rate-constant 

juld be free from error due to an incorrect.treatment of the back-reaction. 

Another consequence of the reversibility of the aquation is that, whether or not the crs 
d trans-aquo-cations would, at the temperature of the aquations, undergo reversibl 
eric change in the absence of disturbance by attacking anions, they are certain to do so 

r the influence of the anions present, by the mechanism of reversible anion attack. In 
more than one kind of anion is present, either from the outset, or at least after 
have been liberated by the aquation; and in these cases parallel attacks, all 

ble, by more than one anion could occur. Whether this further complication arise 
t is clear that the ratio in which the cis- and trans-aquo-cations are present during 

will not be constant and equal to the ratio in which they are originally formed 

|! drift away from that ratio towards one determined by the thermodynami 
Hence the steric course of any of these aquation could be determined only by 

polation to zero time of cis-trans ratios measured at various times near the 
ment of reaction; and that, as already explained, is a measurement for which 

on curves of the substances involved do not provi i method 
from Table 7 that both kinetics and thermodynamics favour aquation in the 
by C] 


(6) Summary and Discussion 


Ihe main results of stereochemical interest reported in t loregoing Sections art 


ught together in Table 8. Only the reactions of alkaline hydrolysis are included; for 
ponding reactions of aquation were not studied stereochemically, and the kinetic 
lating to them are in Table 7 

noted in previous Parts, there is only partial correlation in these octahedral 
titutions between the incidence of stereo-change in the individual molecular acts of 
ibstitution and the experimentally observed stereochemical course of the substitution 
e of the correlation, optical isomerism being taken into account, is as follows 
trans-compound, substituted by molecular acts which preserve configuration, 
i trans-product, and by molecular acts which involve stereo-change will yield a 
An initial D-cts-compound, if substituted by m ular processes without 

ge will yield a D-cis-product, but substituted by molecular processes involvir 
may give a tran or an L-cts-, or even a D-cts-product ind similarly for an 


compound 
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We can therefore translate the experimental results in Table 8 for the trans-chloro- 
cation into molecular terms quite precisely: at 0°, 76%, of the molecular acts of sub 
stitution involve stereo-change, and 24%, do not. As to the cis-chloro- and cis-bromo- 
cations, we can say only that at least 40—41°/, of the molecular processes involve stereo 
change, and we cannot say whether any individual transactions occur which lead to 


TABLE 8. Rate and steric course of reactions with hydroxide ion in water of bis(ethylene 
diamine)cobalt(111) tons containing the ammonia ligand 


, or trans Co ensgNH,X s+ 4. OH~ ——m> d l-~< and fray Co en, NH,(OH 
(All reactions kinetically of seco: 
Rate constant Product ratios (%) 
Displaced group (X) Temp k, (sec n i Le trans 


dl-cis-NOy 


substitution with retention of configuration. [or the cts-nitrato-cation, at least 14% of 
the molecular acts involve stereo-change, and again we do not know whether any occur 
which retain configuration. 

As to mechanism, there can be no doubt that all the reactions of Table 8 are bimolecular 
nucleophilic substitutions Sy2.4 In substitutions at tetrahedral carbon by this mechanism, 
stereo-change is always complete; and therefore, the most striking result of Table 8 is the 
evidence it contains that, in substitution at octahedral cobalt by the same mechanism, 
stereo-change is not complete. The extent to which it is not is known precisely in the case 
of the trans-chloroammino-cation, and, whether the fact is significant or not, it is noticeable 
that the proportion in which configuration is retained is in the same neighbourhood for this 
cation as for the évans-chlorotsothiocyanato- and trans-bromotsothiocyanato-cations, the 
investigation of which is described in the preceding paper. There is also an approximate 
correspondence between the stereochemical results obtained with the present cis-chloro 
ammino- and cis-bromoammino-cations, and with the cis-chloroisothiocyanato-cation of 
the preceding paper. If the ammino- and isothiocyanato-ligands, ~-NH,* and —N‘C%s, 
have any considerable orienting effects on substitution, it is remarkable that such effects 
should be so similar, considering how different the ligands are with respect to both formal 
charge and unsaturation. For the present, these comparisons have their main significance 
as an incentive to examine other ligands, with a view to determining whether orienting 
effects are important in octahedral substitutions by the Sy2 mechanism 

here is a certain indication in the data of the preceding paper and of this one that the 
type of orientation found in bimolecular substitutions by hydroxide ions in octahedral 
complexes is not fundamentally altered when the displaced group is changed within the 
range examined, comprising chloro-, bromo-, and nitrato-groups. The invariance 
suggested is, of course, only an indication, again one requiring further experimental pursuit 


(7) Preparation 


tvans-Chloroamminobis(ethylenediamine)cobalt(t11) chloride perchlorate was prepared by 


decomposition of trans-chlorvisothiocyanatobis(ethylenediamine)cobalt(1n) perchlorate with 
30%, hydrogen peroxide, as Werner describes,‘ except for a difference in method of isolation 
After reaction, the mixture was evaporated with concentrated hydrochloric acid, and some 
green crystals of tvans-dichlorobis(ethylenediamine)cobalt(im) perchlorate, which separated 


first, were removed At a later stage red crystals of the desired chloride perchlorate of the 


* Cf. Part IV, preceding paper 
* Werner, Annalen, 1912, Oak 
3M 
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‘rans Chloro-ammine series separated and were collected. They were recrystallised once from 
concentrated hydrochloric acid with addition of ethyl alcohol, and then twice from water with 
ided alcohol (Found: C, 13-1; H,5-2. Calc. for C,H,,O,N,Cl,Co: C, 13-1; H, 52%). Ifthe 

t two crystallisations are omitted the salt contains an extra molecule of hydrogen chloride 
Chloroamminobis(ethylenediamine)cobalt(111) salts were prepared from tvans-dichloro 
bis(ethylenediamine)cobalt(t11) chloride and aqueous ammonia, and the bromide was isolated 


first and was then converted into the (-+-)-a-bromox amphor-r-sulphonate for opti al resolution, 
j described by Werner.' From the less soluble diastereoisomer, d-cis-chloroamminobis 
ethylenediamine)cobalt(1n) bromide was obtained, with the aid of concentrated aqueous 


} i 


drobromic acid, It was crystallised from warm water with addition of ethyl alcohol (Found 
ir, 40-8. Cale, for C,H,,O,CIBr,Co;: Br, 40-7%) 

romoamminobis(ethylenediamine)cobalt(111) bromide was prepared from diaquotetra 
hydroxybis(ethylenediamine)cobalt(11)-dicobalt(111) sulphate* and ammonium bromide as 


described by Werner,4and was resolved by Werner's method! by way of the (-+-)-a-bromocamphot 
ulphonate The less soluble of these, on treatment with concentrated hydrobromic acid, 
ive d-bromoamminobis(ethylenediamine)cobalt(111) bromide (Found: C, 11-2; H, 47; N, 


16-1 ionic br, 36-8; total Br, 53-6 Cak for C,H,,N,Br,Co C, 11-0; H, 44; N, 16-1; ion 


ior, 36-7 total Br, 55-0%) Che solution containing the more soluble (-+-)-« bromocam phor-r 
ilphonate was then fractionally precipitated with sodium dithionate, At first, the racemi 
lithionate separated, and was removed, but later the optically active dithionate crystallised 
1 thi is converted with concentrated hydrobromic acid into /-bromoamminobis(ethylenedi 
minejcobalt(111) bromide, which was recrystallised from aqueous hydrobromic acid (Found 


©, 11-6; H, 45; N, 16-1; ionic Br, 36-7%) 

[he isomeric aquoamminobis(ethylenediamine)cobalt(111) salts were produced together by 
the action of concentrated aqueous lithium hydroxide on cis-bromoamminobis(ethylenedi 
imine)jcobalt(iit) bromide, much as Werner described for the analogous experiment using 
potassium hydroxide. The bromides were fractionally crystallised from aqueous hydro- 
bromic acid, the process being followed by means of the absorption spectrum, trans-Aquo 
imminobis(ethylenediamine)cobalt(11) bromide separated first as its monohydrate, and was 
finally purified by crystallisation to constant absorption spectrum from water with additions of 


ethyl alcohol (Found Br, 50-9. Cale. for C,H,,! ),N, Br,Co Br, 50-8%) It was converted 
into the corresponding nitrate by treatment with nitric acid (Found: C, 11-6; H, 5-1. Calc. for 
C Hy, ON, Co: C, 12-0; H, 563%). The cis-aquoamminobis(ethylenediamine)cobalt(111) brom 
che 1 obtained from the more soluble fractions in the hydrobromic acid crystallisations, and 
vas crystallised to constant spectrum from aqueous ethyl alcohol (Found: Br, 51-0%). It also 
yas converted into the nitrate. An attempt was made optically to resolve it through the 


z-bromocam phor-n-sulphonates, but these proved to be too soluble. 
Nitratoamminobis(ethylenediamine)cobalt(11) nitrate was prepared by evaporating 
iqjuoamm inobis(ethylenediamine)cobalt(1m) nitrate with concentrated nitric acid ajcording 
to Werner's description.4 The product was crystallised from aqueous ethyl alcohol until its 
ibsorption spectrum was constant, but analysis by combustion was frustrated by the violence 
of pyrolysis of the salt 


(8) Methods of Measurement 
i 


[he methods of starting and stopping kinetic runs, both of alkaline hydrolysis, and of 


“ju Llion were generally as des ribed in the preceding paper a also was the tec hnique of 
ialysis by absorption spec trophotometry 
litrimetric analysis was now concerned with halide-ion content, rather than pH, and, in 
preparation for these determinations, reaction samples were run into dilute nitric acid rhey 
vere titrated electrometrically, a silver wire electrode, the usual agar-salt bridge and calomel 
ilf-cell being used 
Keaction samples were prepared for polarimetric measurement exactly as for spectro 
hotometrnu 
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337. Aryl-2-halogenoalkylamines. Part XVII.* The Ultraviolet Ab- 


sorption Spectra of Some 4-Di-(2-chloroethyl)aminoazobenzenes in 
Neutral and Acidic Ethanol Solutions. 
By W. C. J. 


rhe absorption spectra of some substituted 


Ross and G. P. WARWICK 


4-cdi-(2-chloroethyl)amino- 


azobenzenes and related compounds in neutral and in acidic ethanol solutions 
have been studied. The absorption spectra of certain 2’-carboxy-derivatives 


been 


which present unusual features have also examined in chloroform 
and in alkaline ethanol solution. Neutral 
sidered to contain appreciable proportions of a 


la——e ¢ <——+ /). 


olutions of these acids are con 


hydrogen-bonded hybrid 


DURING studies of cytotoxic chloroethylamino-derivatives ot azobenzene an attempt has 
been made to correlate various chemical and physical properties with biological activities 
rhe measurement of the ultraviolet absorption spectra of a number of derivatives became 
of interest, first, because of a possible relation between the effects of substituents on the 
position of absorption maxima and on the biological activity and, secondly, because 
methods for assessing the reducibility of the azo-linkage in the compounds demanded a 
knowledge of their absorption characteristics in neutral and solutions. ! 

Absorption Spectra in Neutral Ethanol Solution._Azobenzenes exhibit weak absorption 
200 and 440—470 mu (K-band), due respectively to the aromati 
ring system and to the —-N°N-— linkage, and a strong band at about 320—370 mu (K-band) 
ascribed to the conjugation between the azo-group and the aromatic ring system.* Our 
compounds exhibit the low-intensity band at about 270 my and a broad band of high 


acidic 


bands in the regions 210 


PABLE | {bsorption spectra of some substituted 4-di-(2-chloroethyl)aminoazobenzenes 
and related compounds im YS aqueous ethanol 
ubst Amax. (My) € ibst Amex, (ys c 
a K CHyCH,Cl) 3 I CHyCH,Cl) 

* ne 397 25,700 -SOH $05 33,500 
2’-Me 395 27,750 2: 2’-(MeO 2 s05—415 25,600 
3’-M 305 26,900 2’-CO,H, 2-MeO 450 460 33,100 
41'-M 395 29,300 2’-CO,H, 2-Me 0 450 14,500 
2°-Ph 400 26,500 485 17,590 
4'-PI 400-410 40,500 2’-CO,H, 2: 4’-Me, 450-490 248,000 
2-MeO 405 29,000 4’-CO,H, 2-Me 420 28, 100 
3°-C] 406 31,400 1’-CO,H, 3-MeO 420 22,100 
4’-Cl 405 31,600 Y’-OH, 5'-NO, 155400 34,560 
4’- bt es 405 33,000 2-CO,H, 4°-NO, 444 20,000 
2’-I . 410-415 31,850 
2’-CO,H 410-—430 19,150 [; R= R’ = Me 

470 20,300 None 410 27,800 
3°-CO,H 402 30,550 Y-COH 4048 $2,200 
4’-CO,H 412 32,300 2’-NH 140-460 21,480 
4’-A 435 34,100 : 
2’-NO, 420 27 900 Bea] Me, K CHyCH,Cl 
3’-NO, 416 30,800 Y-COW 415-445 20,650 
1’-NO, 446 21,300 485 24,500 
4 O,H 100 27 400 ®? Carboxyvazobenzene 315 12,100 
intensity in the region 390—430 my; the latter is apparently a composite of the R-band 


and ot thi 
ubstituent 


lable |] 


Che position of the absorption maximum i 
, and 4’-nitro-groups and by a 4’-acetyl group 


2-,3 
* Part XVI, /., 1956, 1364 


+ Ross and Warwick, following paper 
Morton 
jadger an 


* Burawoy, /,, 
Inst. Chem. Monograph 


1935, 1865 
1938, p. 33; 


K-band which has undergone a bathochromi 
Interest has centred on this intens« 


Practical Aspects of 


Buttery, / 


hift due to the p-alkylamino 
band and the data obtained are shown in 


trongly displaced bathochromically by 
the effect from the 4’-position is 


ophotometry 
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especially marked, A 4’-phenyl group, a2 methoxy-group, 2’-, 3’-, and 4’-halogeno-groups, 
2’-, 3’, and 4’-carboxy-groups, and 2’- and 4’-sulphonic groups all cause small bathochromi: 
lufts, whilst 2’-, 3’-, and 4’-methyl groups are without significant effect. Substitution of 
methyl groups in butter yellow (I; R = R’ = Me) by 2-chloroethyl groups causes a 
hypsochromic displacement 

Introduction of a 2’-carboxy-substituent into the structure (I; R R’ CH,’CH,Cl) 
considerably modified the absorption spectrum and this was of especial interest in view of 
the enhanced biological activity of the compounds. In 
é . é = 95% aqueous ethanol the 2’ carboxy derivative shows 
‘ sr" N4 pn (1) the usual single low-intensity maximum at 270 my but 
i, ‘ —4 at longer wavelengths a broad band having two maxima 

of approximately equal intensity at 410—430 and 470 
150 mu. In absolute ethanol two maxima were exhibited but the peak at about 470 my 
was relatively more intense than in 95% aqueous ethanol. In chloroform and in n/250 
hydrochloric acid in 95°, aqueous ethanol a single maximum at 465 my was shown while 
in N/250-sodium hydroxide in 95%, aqueous ethanol a single maximum at 395 my appeared 


JO 
Absorption spectra of 4-di-(2 
SF chloroethyl) aminoazobenzene-2’ 
} carboxylic acid im variou l 
| vent 
“ } 
1, Jn N/2-ethanolic HCl 
2, In N/250-ethanolic HC! 
» /5} 3, In pure CHCI, 
e 4, In 95%, aq. EtOH. 
‘ In n/206-ethanolic NaOH 
\ | 
’ The spectrum in absolute ethanol 
was practically identical with 
ch “up 4 
| we 
a 
i = — i - 
400 500 
Wavelength (my) 
\ single maximum was shown at 505 my in Nn/2-hydrochloric acid in 75% aqueou 
ethanol. These results which were briefly recorded elsewhere * are shown in the Figure 


Ihe 3’- and the 4’-carboxy-derivative and the methy] ester of the 2’-carboxy-compound 


i0t show this anomalous absorption which appears to require the presence of an ionisable 
carboxyl group. Dr. S. F. D. Orr of this Institute has examined the infrared spectra of 
everal derivatives and has drawn the following conclusions. Carboxylic acids are known 
to form stable dimers, which are only partially dissociated even in dilute solutions or in 
the vapour phase at low temperatures. Thus benzoic acid in carbon tetrachloride solution 
0-05°/,) absorbs at 1743 and 3536 cm.~! owing to the CO and OH groups of the monomeric 
forms and also at 1696 and around 2600 cm.~! owing to hydrogen-bonded CO and OH groups 
of the dimers ; in the solid state, there are only associated forms and absorption is at 1685 and 
2500-2700 cm.-4. The 3’-carboxy-derivative of the present series behaves in an analogous 
manner; absorption is found in C¢ l, solution at 1746 and 3537 cm."!, and at 1696 and 
2500-—2700 cm.-!, owing to the monomeric and the dimeric form respectively, while the 
latter gives rise to absorption in the solid state at 1688 and around 2600 cm.'. With the 
’-carboxy-compound, however, in dilute CCl, solution, bands at 1746 and 2785 cm.~* are 
observed, and in the solid state at 1730 and about 2750 cm.-!; these results mean that the 
\yl group is free but the hydroxyl group is associated under all conditions; this i 
p ble only if an intramolecular hydrogen bond is formed between the hydroxyl group and 
the azo-nitrogen atom as postulated below. Methyl-red behaves in the same manner as 


Ik und Warwick, Chem. and Ind., 1955, 745; see also Warwick, Thesis, London, 1955. 


[1956 Aryl-2-halogenoalkylamines. Part XVII. 1721 


this 2’-carboxy-compound; the 4’-compound could only be measured in the solid state 
and was similar to the 3’-compound. 

It is considered that solutions of 4-di-(2-chloroethyl)aminoazobenzene-2’-carboxylic 
acid (Ila; R = R’ = CH,yCi,Cl) contain the species indicated in the annexed scheme. 
In neutral solution an equili)rium exists between the dissociated form (IIb) and the 
undissociated form which is regarded as a resonance hybrid (Ila <——» c <«—*» d) of a 


QgOr QxO7 QecO* 


0 (Ila) (lic) (IId) 


O (1b) re) (Ile) 


hydrogen-bonded structure. It seems probable that the quinonoid form (IId) is present 
in the highest proportion since the maximum at 470-480 mu, now considered to be 
associated with the hybrid, approaches that of the cationic quinonoid form (Ile) which is 
present in strongly acid solutions. 

rhis scheme appears to account for the various changes in spectra which have been 
observed. Thus in chloroform solution and in weakly acidic solution there will be 
practically no dissociation and the spectrum is that of the resonance hybrid; in alkaline 
solution the anionic form (IIb) predominates; both forms are present in absolute ethanol 
and in 95°, aqueous ethanol and, as would be expected, rather more of the dissociated 
form is present in the latter solution. A hydrogen-bonded structure for 4-di-(2-chloro- 
ethyl)aminoazobenzene-2’-carboxylic acid (Ila; R Q CH,°CH,Cl) and methyl-red ® 
(Ila; R = R’ = Me) is also supported by the greater solubility in chloroform and carbon 
tetrachloride of the 2’-carboxy-derivative compared with the 3’- and the 4’-isomer. The 
powerful chelating action of 2’-carboxy-azo-compounds ® also suggests such bonding in 
the parent acids. 

If hydrogen bonding occurs between the carboxyl group and the @-nitrogen atom of 
the azo-linkage then modifications to the molecule which would increase the basicity of 
this nitrogen atom should increase the proportion of the bonded hybrid structure 
(Ila <«——» c <——-» 4d) at the expense of the anionic form (II/). This would be due partly 
to the decreased acidity of the carboxyl group and partly to the increased probability of 
hydrogen bonding. It now appears to be established that increasing electron-release from 
the 4-position increases the basicity of the 6-nitrogen atom ’ and it has now been shown 
(Table 1) that the proportion of hydrogen-bonded form in neutral alcoholic solution 
increases in the order (Ila; R = R’ = CH,°CH,Cl) < (Ila; R = Et, R’ = CHyCH,Cl) 

(Ila; R R’ Me), 4.¢., in the order of increasing basicity of the 6-nitrogenatom. The 
last-mentioned compound, methyl-red, represents the extreme case in which only the 
hydrogen-bonded form is present in 95°, aqueous ethanol, the position of the absorption 
maximum in this solvent being identical with that in chloroform (Tables 1 and 2). The 
introduction of a 2-methyl substituent into (IIa; Kk R’ = CH,’CH,Cl) also increases the 
basicity of the 6-nitrogen atom (cf. ref. 7c) and the intensity of the maximum at 485 my 
is increased at the expense of the maximum at 430-450 my. Further substitution in the 


‘ Davi ind Sutherland, J Chem. Phys., 1938, 6, 755 Flitt, / 1951, 962 
* Cf. Mecke and Schmahl, Naturwiss., 1955, 42, 153 
Drew and Landquist, /., 1938, 292 
4) Rogers, Campbell, and Maatman, /. Amer. Chem. 1951, 73, 5122 b) Badger, Butter 


ind Lewis, /., 1964, 1888; (c) Sawicki and Kay, /. Org. C/ 1954, 19, 1686 
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1’-position gives the 2: 4’-dimethyl-2’-carboxylic acid which resembles methyl-red in 
howing a single maximum at the longer wavelength. 

It is of interest that adding appreciable amounts of water to alcoholic solutions of 
azo-compounds causes the appearance of a new band bathochromically displaced some 
50 my from the original intense band : this is ascribed to hydrogen bonding between water 
molecules and the more basic nitrogen atom of the azo-linkage.* The displacement is 
in the same direction and of the same order of magnitude as that now observed in the case 


TABLE 2. Absorption spectra of some substituted 4-di-(2-chloroethyl)aminoazobenzenes and 
related compounds in chloroform and in n/250-sodium hydroxide in aqueous ethanol solution. 


In CHC], In w/250-NaOH In CHC], In n/250-NaOH 
/ “ Ann - la aaent 
Aas Amax Amax Amex 
yst my € (rye Subst my) € (iy € 
i? 2 hk’ Me) iit 2B kk CH,’CH,Cl) 
CO,H 495 39,730 405 21,550 2’-CO,H, 2-Me . 475 25,900 400 11,900 
2’-CO,H, 2: 4’-Me, 475 32,100 400 35,770 
[; Ro Et, R’ « CHyCH,Cl 2’-SO,H te » 656 31,150 400 20,320 
’vCOW 480-485 45,800 405 22,200 530-540 29,880 
2’-OH, 5’-NO, 475 490 505—520 
(1; Rew RY « CHyCH,Cl) None ....+. 396 32,220 385 17,700 


-COGH 465 34,000 395 19,600 


of the 2’-carboxy-derivative when compared with the corresponding 3’- and 4’-isomers. 
rhe high activity of the 2’-carboxylic acid derivatives as tumour-growth inhibitors may be 
connected with an ability to form chelate compounds with traces of metals or with the 
increased lipoid-solubility resulting from a hydrogen-bonded structure, but it seems more 
likely to be related to the relative ease of reduction of the azo-linkage which is discussed 
in the following paper 

lhe 2’-sulphonic acid is a sufficiently strong acid (pK, < 3 in 50% aqueous acetone) 
for it to exist entirely in the anionic form in 95°, aqueous ethanol, a maximum being 
hown at 400 my at the same position as in alkaline solution (Tables 1 and 2). In absolute 
ethanol a second peak appears at 530 my, and in chloroform, in which a hydrogen-bonded 
tructure is presumed to exist, the maximum at 400 my is absent 

ibsorplion Spectra in Acidic Ethanol Solution.-According to Badger, Buttery, and 
Lewis ” it seems probable that the species (III), (IV) are present in moderately acidic 
Of these ([Va and ») are extreme forms of a 


olutions of p-alkylaminoazobenzenes. 


/ 
AB «@ < ) a + 
Ph*N&N \ NR, => Ph-N=N 
. ‘ 
. 4 H 


mesa ee » 
NR + ween se fe 
\ p \ W/ , 2 


(Hil) 
ft (Va) (V) 
+ 
Ph-N=N NR, 

' 
H 

(IVb) 

resonance hybrid which is considered to give rise to a band in the region of 530 my (called 


the QO-band), while the tautomeric form (V) is considered responsible for a band which 
ippears at about 320 my (called the A’-band). The acid concentration (0-5n-hydro 
chloric acid in 75% aqueous ethanol) used in our measurements was dictated by the 
requirements of the stannous chloride reduction experiments—the conditions chosen gave 
veniently measured rates of reaction and all the compounds which it was desired to 
examine were then in solution. At this acid concentration the base-strength-reducing 
effect of the 2-chloroethyl substituents on the amino-nitrogen atom, due to the electron 


‘ capacity of the chlorine atoms ® possibly coupled with steric hindrance, result 


con 


ittracth 
* Brode, Seldin, Spoerri, and Wyman, ]. Amer. Chem. Soc., 1955, 77, 2762 
* kK /., 1949, 183 
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in proton addition exclusively at the azo-linkage in all but one example (see below) and 
no K’-bands were detected. Most of the compounds examined were present partly in the 
uncharged form (giving a K-band) and partly as the cation (giving a Q-band); the results 
are shown in Table 3. 

As would be expected from their effect on the basicity of the azo-linkage, electron 
releasing substituents tended to increase the proportion in the cationic form whilst electron 
attracting substituents decreased the proportion. 2’-Substituents, independently of their 
polarity, greatly reduced the tendency for proton addition to the azo-linkage, only K-bands 
being observed under the conditions employed. This effect, which is well established,'? 
supports the view that the proton is added to the 6-nitrogen atom, tor a 2’-substituent 
would hinder such addition. The effect of a 2’-carboxy group and of a 2’-methoxycarbony] 


’ ABLE 3. Absorption spectra of some substituted 4-di-(2-chloroethyl\aminoazobenzenes and 
related compounds in N/2-hydrochloric acid in 75%, aqueous ethanol 
0-Band K- Band K’- Band 
Subst Amax. (My € Avumx, (1Dgpa c Awan (iy c 
(I; R Kx CHyCH,Cl 
None onde 530 22, 660 ToD 10.770 
2-Me sued 520 46,390 
2’-Me — won 27.100 
3’-Me oaihdaiie 530 23,340 how 19,130 
4’-Me . 3 530 23,750 on 1,130 
2’-Ph vee 10 28 BOO 
4’-Ph otetdbe 555 25,220 tit) 115 24,610 
2-MeO ., _— --» (480-—490 55,310) * 
3’-MeO . 530 2) 270 400) 2? ORO 
4’-MeQ .. da neiteatis 565 10,830 110) 19,950 
2’-Cl i ae ee 410) 0 610 
WOE saerdedovsissontaccenciaale 520 9,280 410) 20,400 
4’-C] 530 11,070 1) "8 040 
2’-Br 415 37,400 
3’-Br 51S 7,300 410-415 27,030 
4’-Br 530 10,780 Ho 28.470 
2’.] 415 20,430 
2°-CO,H sevccees , 5OS 30,200 
WEEE vepncsveddosecenes és 530 9,300 105 26,810 
4’-CO,H 530 Infl 425 22,480 
2’-CO Me P 530 17,510 15 18,930 
4’-Ac ; : 135 27,760 
2’-S0,H ‘ 550 33,410 105 410 7,200 
535 34,610 
+’-SO,H ove 526 14,940 120 24,850 
2’-CO,H, 2-Me ave 530 45,300 
2’-CO,H, 2-MeO coesceses 5OO—510 54,800 
2’-CO,H, 2: 4’-Me, . 530-—540 46,070 
4’-CO,H, 2-Me ¥ » 530 40,040 
t’-CO,H, 3-MeO eos wees 515-—520 8,080 £25430 14,400) 310-315 0,770 
Azobenzene ; , 320 18 400 
(I; R Kk Me 
one ‘ 525 34,700 320 10,040 
CO,H 15 39,900 125—330 3,080 
(I; R Et, R CHyCH,Cl 
2’-CO,H . . 525 36,000 
a) For a discussion of the position of this maximum see p. 1724 


group is exceptional. It has already been postulated that the 2’-carboxylic acid exists in 


neutral solutions in the forms (Ila—d). It would be ¢« xpected that proton addition could 
occur quite readily to the unhindered carboxylate ion in forms (II¢ and d). Similarly the 
methyl ester probably exists in a number of forms, including (VI), to which proton addition 
would proceed without difficulty. 

Che 2-methoxy-derivative shows a maximum at 480—490 mu, which is at a considerably 


z) Miller app, and Miller, /. Amer. Chem 1048, 70, 3458 4) Badger and Lewi /., 1953 
2147 Badger and Buttery, /., 1953, 2156 


1724 Ross and Warwick : 


ter wavelength than that associated with other quinonoid forms. Since the corre 
ponding 2-methyl derivative shows a normal maximum at 530 my it appears that the presence 


of the oxygen atom is responsible for the hypsochromic displacement of the Q-band. It is 
that the form (VII) is stabilised by hydrogen bonding as shown, thus increasing 


the azo-character of the absorption 


i (VI) i (VID 
OMe Me 


K’-Bands corresponding to form (V) have been shown in our series only by methyl-red 
id by 4-di-(2-chloroethyl)amino-3-methoxyazobenzene-2’-carboxylic acid. The presence 


of this form indicates increased basicity of the amino-group. In the first case this is due 

to the replacement of the chloroethyl groups by methyl groups and in the second to the 

teric hindrance to coplanarity of the di-(2-chloroethyl)jamino-group with the conjugated 
tem —a similar effect due to a 3-methy] substituent has been recorded.1™ 
Lixperimental.—The preparation of the substituted p-di-(2-chloroethyl)aminoazobenzene 


is described in Part XVI, 


Ultraviolet absorption spectra were measured at 24° by means of a Unicam Model SP 500 


trophotometer which had been adapted to have thermostatic control of the cell 
250-Ethanoli 


quartz sper 


The concentration of the azo-compound was 10m in all cases, N 


dium hydroxide (Table 2) was prepared by diluting 4 ml. of 0-1n aqueous sodium hydroxide 
to 100 ml, with ethanol, and the n/2-ethanolic hydrochloric acid (Table 3) by diluting 25 ml. of 
) jeous acid to 100 ml, with ethanol 
Infrared spectra were measured by using a Perkin-Elmer Model 112 spectrometer, with a 
ilt prism below 2000 cm,.~}, and one of lithium fluoride above thi 
lhe authors thank Dr. S. F, D, Orr for measuring and interpreting the infrared spectra of 
rboxy-derivatives and Dr. G. E. Lewis for helpful discussions 
msTerR Beatry Researcn Insriruri 
re ow CANCER KESEARCH Rovat CANCER Hospital 
sm Koabp, LONDON, W.3 Ree cd, November 21st, 1955 


338 lryl-2-halogenoalkylamines. Part XVIII.* The Rates of Reduc 
tion of Substituted 4-Di-(2-chloroethyl)aminoazobenzenes by Stannous 
Chloride, Hydrazine, and the Xanthine Oxidase-Xanthine System. 

sy W. C. J. Ross and G. P. Warwick 


lhe rates of reduction of thirty-nine 4-di-(2-chloroethyl)aminoazobenzene 

é itives by acid stannous chloride and by hydrazine in neutral ethanoli 
lution have been measured The effect of substituents on the reducibility 
f the azo-linkage is discussed ; for reduction in acid solution the effect of 3’ 
ind 4 ubstituents can be expressed by the Hammett equation, p having the 
ilue 1-59 rhe rates of reduction of some water-soluble azo-derivatives by 

the xanthine oxidase~xanthine system in pyrophosphate buffer under anwro 
! conditions have also been measured rhe results are consistent with the 
ypothesis that reduction of the azo-linkage potentiates inhibition of tumour 


growth by the azo-compounds 


In Part XVI * reference was made to the desirability of finding whether the relative rates 

of reduction of various 4-di-(2-chloroethyl)aminoazobenzenes could be correlated with 

their biological activities. Such relative rates have been determined by using polarography, 

catalytic hydrogenation, chemical reagents, and enzyme systems. It has been difficult to 

interpret the polarographic results particularly since it has not been agreed that the system 
* Parts XVI, XVII, /., 1956, 1364 and preceding paper 
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are reversible. It has been stated that “ the rate of reaction between an oxidant and a 
reducing agent is not simply determined by the difference in the oxidation—-reduction 
Frequently the chemical nature of the reagent used is of 


potential of the two systems. 
2 So we have measured actual 


primary importance with regard to the rate of reaction 
rates of reduction. Despite the uncertainties of interpreting the polarographic results and 
of relating them to biological conditions some tentative conclusions emerge from this 
earlier work. Shikata and Tachi*® found the order of reducibility: 4-dimethylamino 
4-amino-azobenzene < azobenzene. Vladimirstev and Postovski* indicate the order 
4-hydroxy- < 4-methoxy- < 4-acetoxy-azobenzene < azobenzene. These results are con 
istent with Shikata and Tachi’s electronegativity rule of reduction potentials,’ that is, 
that organic compounds are more easily reduced as more electronegative groups are intro 


duced into the molecule 
The relative rates of catalytic hydrogenation of sulphonamide azo-dyes related to 


prontosil were measured by Hamon,® using a standardised preparation of Raney nickel 
under controlled conditions of temperature and agitation. There is 
difficulty in relating the results to biological systems, for it is known that the relative rate 
and even the course of hydrogenation can be influenced by a change of catalyst or of solvent 
For example, while Hamon ® found that azobenzene took up two mols. of hydrogen at a 
teady rate to give aniline under her standard conditions, Skita,® using colloidal platinum, 
found that reduction to hydrazobenzene was rapid and was followed by a further slow 
reduction. Nevertheless under Hamon’s conditions it was shown that in non-basically 
substituted azobenzenes a 4-methyl substituent hindered reduction whilst a 2-methyl group 
facilitated it. A 2-carboxy-substituent caused an initial increase in the rate but this de 
creased before two mols. of hydrogen had been taken up: it was considered that the in 
creased speed of reduction could be attributed to increased electron density at the azo 
linkage which resulted from the presence of the 2-substituent 

liffeneau 7 showed that, in the reduction of the closely related phenylhydrazine struc- 
tannous chloride, introduction of one or two methyl groups into the 2- and 4- 
rréfouél and his co-workers ® 


again considerable 


ture by 
position of the aromatic ring increased the rate of reaction 
measured the rate of reduction of some biologically effective azo-compounds, using cysteine 
in aqueous solution at 95°, and demonstrated a relation between this rate and activity 
Mecke and Schmahl ® found that in the enzymic reduction of 4-dimethylaminoazo 


Finally, 
by baker’s yeast, the introduction of a 2’-hydroxy-substituent reduced 


benzene derivatives 
the rate of reaction whilst the introduction of a 4’-carboxy-group and especially of a 
2’-carboxy-group increased it. 

We have used chemical reagents in homogeneous solution 
0-5N-hydrochloric acid in 75°, aqueous ethanol was used, the intensity of the major absorp 
tion band (see Part XVII) yielding the concentration of azo-compound. A large excess of 
stannous chloride was used and, the reaction, being of the first order with respect to azo-com 
In order to eliminate errors due to small variations 
tannous chloride titre, the rate of 


At first stannous chloride in 


pound, exhibited unimolecular kinetics. 
in temperature or in 


, reduction of the reference compound (1; R hk’ 
“\ , N=N<\ (I) ¢ H,°CH,Cl) was measured simultaneously with that of 
ae . the compound under test fhe unimolecular rate con- 
d i , 
Be ne stants are expressed relative to the value for the un 


k hk’ CH,y’CH,Cl) (Table 1). In all cases the absorption 


substituted compound (I; 
value at the end of 


in the region of the Q- and K-bands fell to an extremely low 


Biilmann and Blom, /., 1924, 125, 1719; Conant and Pratt, /. Amer. Chem. Soc., 1926, 48, 2468 
Shikata and Tachi, Mem. Coll. Agr. Kyoto Imp. Univ., 1931, 17, 45; Tachi, sbid , 1937, 40, 1, 11; 1038, 
42, |: Hillson and Birnbaum, Trans. Faraday Soc., 1952, 48, 478; Page, Quart. Rev., 1952, 6, 208 

* Kolthoff and Lingane, ‘‘ Polarography,’’ Interscience lubi. Inc., New York, 1946, p, 349 

*’ Shikata and Tachi, J] Chem. Soc. Japan, 1932 53, 834; Coll. Czech. Chem. Comm., 1038, 10, 368 
‘ Viadimirstey and Postovskii, Doklady Akad, Nauk, * e., 1952, 83, 855 

5 Hamon, Ann. Chim. (France), 1947, 2, 233 


* Skita, Ber., 1012, 45, 3312 
riffeneau and Orekhoff, IT Cons. Chim. Inst. Internat. ¢ lvay, 1926, p. 247 
* Tréfouél, Tréfouél, Nitti, Bovet, and Hamon, Compt. : d Hiol., 193%, 129, 950. 


i 
* Mecke and Schmahl, Naturwiss., 1955, 42, 153 
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the reaction and whenever isolation of product was undertaken 


obtained 


only amines were 


fable | shows that 3’- and 4’-substituents have the effect o1 
, 


the rate of reduction which 


ave been predicted from the “ Electronegativity rule,’ electron-attracting groups 


Relative rates of reduction of a sertes of substituted 4-d1t-(2-chloroethyl)aminoazo 
ences and related compounds using (i) stannous chloride in O-5N-hydrochlori 
aqueous ethanol and (ii) hydrazine in 50%, aqueous ethanol at pH 8 


acid in 


ltel. rate const 


iol 


ictivity * 


36 
157 
6s 
Oi 
1h2 
204 
20 
113 
174% 
206 
Kt) 
207 
Z 4 
$Y Nome 
2100 »’ COU 
high \zoben ze 
high 
166 


\zoben zene 
oxyl 


{the growth of the transplanted Walker 1 


nitroaniline p. 1728 rhe end y 


creasing the rate A plot of Hammett’s o values !° against the logarithm of the relative 


rate constant gives a reasonably straight line which indicates a value of 1-59 for 


in the 
equation log A 


linear relation occurred 
only with substituents for which Hammett gave a wide range of values for o (Fig. 1) 
In view of the complexity of the reaction which involves the reduction of azo-compound 
n differing proportions of azo- and quinonoid forms (see Table 3, Part XVII) the 
nt with the Hammett equation is striking 
flect of substituents ortho to the azo-linkage is, a 


\ halogen atom in the 2’-position generally hinders reduction, to an extent depending on 
the size of the atom. For while a 2 


2’-chlorine atom alone has little effect it causes retard 
ation in conjunction with an extra 3’-or4’-chlorine atom, and a 2’-bromine atom or especial] 


1 2’-iodine atom is rate-reducing. A 2’-phenyl group hinders reduction but a 4’-phenyl 


2’-Carboxy- and 2’-methoxycarbony! groups greatly accelerate 


log ky op. Considerable divergence from the 


in other instances, anomalou 


group has little influence 


the reaction and it is noteworthy that these groups are exceptional in not hindering th 
addition of a proton to the azo-linkage, an effect observed with most other 2’ 


2’-substituent 
(Table 3, Part XVII) It might be considered that this indicates that the quinonoid form 
of the azo-compound is the more readily reduced but this would not be 
the moderate rates of reduction of the 2-methyl-2’- and -4 


consistent with 


acids which are present exclu 
ively in the quinonoid form Che further insertion of a 2-methy! ) 


or 2-methoxy-group into 


the 2’-carboxylie acid reduces the very high rate, the latter substituent being the more 


w-Hill Book New York, 1940, p. 188 
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effective although the relative effects of these substituents are reversed in the absence of 
the 2’-carboxyl group 

\ 4-dimethylamino-group reduces the rate of reduction more than does a 4-di-(2-chloro- 
ethyljamino-substituent, in accord with the greater electron-releasing potentiality of the 
former. It is of interest that the introduction of a 2’-carboxy-group into azobenzene and 
into 4-dimethylaminoazobenzene has not nearly the same accelerating effect that it has in 
4-di-(2-chloroethyl)aminoazobenzene 

It was, of course, realised that the relative order of reducibility of the azo-compounds 
in acid solution did not necessarily bear any relation to the order under physiological 
conditions, especially as at pH 7-5 all the compounds would be entirely in the azo-form ; 


Relation between log k and a for the stan lorid > indicates the 
range cf values given by Hammett 
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© measurements were also made in nearly neutral solutions stannous chloride could not 
be used under these conditions and at first sodium dithionite was examined. However, 
stock solutions of this reagent deteriorated rapidly, even under nitrogen, owing to a reaction 
with water which gave thiosulphate and hydrogen sulphite rhe development of acidity 
made it practically impossible to maintain neutrality during reduction runs since adequate 
concentrations of buffer salts could not be achieved in the alcohol concentration required to 
dissolve sufficient azo compound The results with this re agent were con sequently erratic 
but the general trend indicated that, regardless of their polarity, 3’- and 4’-substituents 
had little effect on the rate whereas 2’-substituents facilitated reaction 

Che use of thiourea dioxide as a reagent for the reduction of azo-compounds has been 
reported by Gore but it was found to be unsuitable for our studies. Although the azo 
compounds were reduced there was a variable time lag before reaction started, which sug 
gested that the dioxide was being converted into some other compound which was the true 
reducing agent rhis was supported by a fairly rapid change in the absorption spectrum 
of freshly prepared aqueous-ethanolic solutions of thiourea dioxide 
Eventually a partially neutralised solution of hydrazine dihydrochloride in 50%, aqueous 
ethanol was found to be a suitable reagent. The stock solution was stable and acted as 
its own buffer at pH 8. By using a large excess of hydrazine, unimolecular kinetics were 
imposed and, as before, reduction runs with the test substance and 4-di-(2-chloroethyl) 
aminoazobenzene were carried out simultaneously rhe ratios of the unimolecular rate 
constants were derived by a graphical method and the results are shown in Table I 

Che Table shows that, in striking contrast to their effect on the stannous choride reduc 

tion, 3’- and 4’-substituents have here little effect fhe outstanding feature is the acceler 
ating effect of all substituents ortho to the azo-linkage in 4-di-(2-chloroethylaminoazo 
benzen Maximum accelerating effects are produced by 2-methoxy, 2-methyl, and 2’- 
sulphonic acid groups. Insertion of a 2’-halogen atom approximately doubles the rate of re 
duction irrespective of the size of the halogen atom (cf. p. 1726 rhe rate-increasing effect 
of a 2’-carboxylic acid group is reduced on esterification and it is noteworthy that this acid 


Ind., 1954, 1355 
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group hinders reduction when inserted into the azobenzene and 4-dimethylaminoazo 
benzene structure There is one feature common to the results of stannous chloride and 
hydrazine reduction, viz., the rate of reduction of substituted 2’-azobenzenecarboxyli 
acids is in the order; 4-N(CH,°CH,Cl), > 4-NEt(CH,°CH,C]l) 4-H > 4-NMey. 

lhere is evidence that the initial product obtained in the hydrazine reductions is a 
hydrazo-compound, for in a number of cases re-oxidation with iodine has resulted in in- 
creased absorption in the region of the azo-K-band. Eventually this property is lost and 
it appears that fission of the molecule to give amines occurs. Hydrazobenzene can be 
isolated when azobenzene is treated with hydrazine under the conditions of the reduction 
experiments, but 4-dialkylaminohydrazobenzenes seem to be too unstable for ready isol 
ation.’ 

lhe reduction of the 2’-nitro-derivative (II; R = CH,°CH,Cl) is potentially complex 
ince either or both the azo-linkage and the nitro-group could be involved. The final 
teady light absorption of the solution after reduction by acid stannous chloride indicate 
that only the azo-linkage is affected, with the formation of o-nitroaniline. Ultraviolet 
absorption measurements have now shown that the end product after hydrazine treatment 


I 


is the triazole oxide (IIT: R ( H,*( H,f 1) 


Phere is a discrepancy in the literature regarding the preparation of 2-dimethylamino 
phenylbenzotriazole oxide (III; R Me), which was required for comparative absorption 
measurement whereas Elbs and his co-workers ™ stated that reduction of 4-dimethy! 
amino-2’-nitroazobenzene (II R Me) with ethanolic ammonium sulphide gave thi 


triazole oxide (III; R Me), Chakrabarty and Dutt “ claimed to have obtained the 
triazole (IV; R Me) when using this reagent. We now confirm the findings of Elb 
et al. and by a similar reduction of the nitroazo-compound (II; R = CH,°CH,Cl) we 
have also prepared 2-[p-di-(2-chloroethyl)aminophenyl |benzotriazole l-oxide (III; R 

CH,y°CH,Cl) which exhibits an absorption spectrum similar to that of the dimethylamino 


derivative ({I1; R == Me). Reduction of the triazole oxide (IIL; RK = Me or CH,’CH,(1) 
with stannous chloride gave the corresponding triazole (IV; RK = Me or CH,y’CH,Cl) 


Or Z™. nv Jw aM — 

—=\ = ( | x \ F ‘om’ 

< a {DN Ce, a a  » 
(it) Oo (Hil) (iV) 


C pen pm Es % y < 


NH, 
(V) (VI) 


Elbs et al.™ also reported that the reduction of the nitroazo-compound (II; R = Me) 
by ethanolic sodium sulphide gave the aminoazo-derivative (V; R Me) and this was of 
interest as an indication of a possible route to the 2’-aminoazobenzene compound (V ; 
I CH,’CH,Cl), On repeating the reduction of the compound (II; R Me) we obtained 
an apparently homogeneous product of m. p. 183-—134° (Elbs et al. gave m. p. 133-134 
for their so-called aminoazo-compound). However a solution of the product in benzene 
howed a strong fluorescence similar to that of the triazole (IV; R Me) and the ultra- 
violet absorption was unlike that expected for a compound of structure (V; R Me) 
ince it contained an intense maximum at 365 my and an inflection between 410 and 460 
my (Fig. 2). Chromatographic resolution on alumina showed that the product was com 


posed of 90°, of the triazole (IV; R Me), m. p. 187°, and 10°, of the aminoazo-compound 
‘* Cf Miller and Miller, Adv. Cancer Res., 1953, 1, 387 
J Hirschel, Wagner, Himmler, Tiirk, Henrich, and Le |. prakt. Chew 1924, 108, 209 
* (ha ibarty and Dutt, /. /ndian Chen 1v28, §, 555 


1794) EE 


1956) Aryl-2-halogenoalkylamines. Part XVIII. 1729 


(V R Me), m. p. 105—106°, The pure 2’-amino-4-dimethylaminoazobenzene (V; 
R Me) exhibited an absorption maximum at 440-450 my (Fig. 2). The product of 
m. p. 133-—-134° is apparently a molecular complex which resists resolution by crystallis 
ation. Reduction of the nitroazo-compound (II; R CHyCH,Cl) by ethanolic sodium 
sulphide, followed by chromatography, gave the thiazan (VI) as the only identifiable pro 
duct: the formation of thiazans by the reaction of di-(2-chloroethyljamines with sodium 
sulphide has been reported earlier 15 


Fic. 2 th orption spectra tn ethanol 
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1, 2’-Amino-4-dimethylaminoa nazene (\ KX Me 

B, Elbs compe und, m. p. 133—-134 

C, 2-(p-Dimethylaminophenyl)benzotriazole (1V k Me 


It is of interest that the very slow hydrolysis of the 2-chloroethylamine (IV; R 
CH,°CH,Cl), less than 1° under standard conditions,'* confirms the base-weakening effect 


0 


on arylamines of a p-(benzotriazol-2-yl) substituent observed by Elbs e¢ al. (ref, 13, p. 223) 
It was also desirable to discover whether a naturally occurring enzyme system could 


PaBLe 2. Relative rates of reduction of a series of acidic derivatives of 4-di-(2-chloroethyl) 
aminoazobenzene by xanthine oxidase-xanthine in pyrophosphate buffer (pH 8-2) in 
50 min, at 24 
Redn Biol Kec Biol Kedn Biol 
td Subst acty.* ubst acty.* 


acty 


(1; R R’ « CHyCH,Cl 


-CO,H ,4’-NO, a. 85° 2’-CO,H ... 4 2’-SO,H 2 
2’-CO,H,2 MeQ) 70 2-( O,H,2' N M4 3’-CO GH y 4 

2: 4’-(CO,H), Jo a 4’-SO,H . 
2’-CO,H,2-Me 19 §/-CO,H,2-Me ‘ 1; Kew K Me) 
2’-CO,H,2 : 4’-Me, 42 4’°-CO,H . ‘ 2’.CO,H bi itgee 


methyl-red) J 


* As inhibitors of the growth of the transplanted Walke at carcinoma, * In 5 min 


effect reduction of the azo-linkage, for if this could be established and if the ease of reduction 
of a di-(2-chloroethyl)jaminoazo-compound by such a system paralleled its biological 


activity then there would be a strong a prior case in favour of the hypothesis that activity 
* Korshak and Strepikheey, /. Gen. Chem, (l / 1944, 14, 312; Cerkovnikoy and Stern, Arhit 
Kem., 1946, 18, 12; Ross, /., 1950, 815 
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depended on ease of reduction. Since various dyes are known to act as hydrogen acceptors 
in the xanthine oxidase—xanthine system it seemed logical to examine this enzyme. It 
was now necessary to work with entirely aqueous solutions, so the rates of reduction of 
various acidic derivatives, which have adequate water solubility at pH 8-2, were examined 
at 24° under anerobic conditions. The reaction did not proceed in accordance with any 
unple kinetic law, so the results are expressed in Table 2 as the percentage reduction in a 
given time. It had been established that the azo-compounds were unaffected by the 
enzyme alone or by xanthine alone under the standard conditions. Re-oxidation by iodin« 
led to the re-formation of azo-compounds in the initial stages of the reaction (see above 
lhe correlation of biological activity with the ease of reduction of the azo-linkage ha 
been discussed elsewhere '? and it suffices here to indicate that the initial hypothesis ha 
been supported by the results obtained for reduction in neutral solutions in the present 
work 
EXPERIMENTAI 
Kates of Reduction of Azo-compounds in Acid Stannous Chlorid Stannous chloride solution 
4 solution of stannous chloride dihydrate (50 g.) in ethanol (2 1.) was heated under reflux for 
1 hr. and then distilled, 14 1. being collected 500 MI. of this stabilised ethanol was introduced 
into the reservoir bottle of an automatic burette, and a stream of oxygen-free nitrogen was 
passed through the apparatus When all the air had been displaced stannous chloride dihydrate 
(4-51 g.) was washed into the bottle with 2n-hydrochloric acid (500 ml.) Unless made up a 


described a turbid solution was obtained The burette was subsequently operated by means of 


pure compressed nitrogen 
lutions of azo-compound: he concentration was 10m, in redistilled absolute ethanol 
Determination of the relative velocity constant 10 ml, of a solution of 4-di-(2-chloroethy] 
aminoazobenzene (A) and of a solution of the azo-compound under test (B) were placed in 


50-ml. stoppered flasks tannous chloride solution (10 ml.) was rapidly run into flask (A 

ind the stopwatch was started The thoroughly mixed souution wa quickly transferred into 
a l-cm, absorption cell and placed in the carrier (adapted for circulation of water at 24°) of a 
Unicam spectrophotometer rhe optical density of the solution was measured after 2 min 
igainst a control solution made by diluting the stannous chloride solution with an equal 
volume of absolute ethanol At 3 min. stannous chloride solution was added to flask (B), and 
the content vere transferred to the Unicam carrier as before Optical-density readings were 
taken at the following times: (A) 2, 4, 6, 8, 10, 12, 14 min.; (B) 5, 7, 9, 11, 13, 15, 17 min 


Che following result for the 3’-methoxy-derivative of compound (1) is typical 


Optical density (D Optical density (D Optical density (D 
Time \) at 13) at Pime (A) at (13) at rime (A) at (3) at 
30 mae * 400 my * min 530 ma* 400 mp * min 530 ma * 400 my * 
OTs a) 0-386 13 0-118 
| 582 y 0-269 14 0-209 
) 0-602 10 O33 1h 0-078 
6 W475 il Osi 16 0-173 
408 12 257 17 0-047 
* The wavelengths chosen were those of maximum absorption in 2n-acidic ethanol (see Part XVI 1 
lor very rapidly reduced compounds readings were required more frequently but the rate 
of reaction of the reference compound was always measured at the same time, usually by re 
turning to solution (A) for measurements after reduction in solution (B) had reached 70-—80% 
ym pletion sy plotting time against the log D for the period 4-14 min. in the average run 
yood straiwht lines were always obtained his time interval was chosen when it was found 
that the contents of the cells attained a steady temperature after 3-4 min From the ratio of 
of the slopes of the lines the relative unimolecular rate constant was obtained In the above 
case 100 lope B/slope A 100 0-089 /0-044 202 Values quoted in Table 1 are the 
result of at least two concordant runs rhe pH of the solutions before and after reaction was 
0-3, measured by using a glass-electrode 
Rat f Reduction of Azo-compounds in Hydvazine Solution Hydrazinge solution, Re 
crystallised hydrazine dihydrochloride (21 g.) was dissolved in N-sodium hydroxide (300 ml 


and water (200 ml.), and the filtered solution was stored under nitrogen in an automatic burette 
Olutions of azo-compounds were 10 °m, prepared as above 


| ind Warwick, Nature, 1955, 176, 208 
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Determination of the relative velocity constant The procedure was similar to that described 
At the hydrazine 


above except that hydrazine solution (10 ml.) was run in to start the reaction. 
concentration chosen the actual rate of reduction of the reference compound was practically 
in the two series of experiments rhe relative rate constants were again evaluated 
rhe pH of the solution throughout the reaction was 8 

Rat f Reduction of Azo-compounds by Xanthine Oxidase~Xanthine Solutions of azo 
| xanthine (30 mg.) were dissolved in warm 


| to 100 ml. with distilled water 


diluted 


(71-3 g.) and sodium hydrogen pyro 


the same 


graphically 


The acidic azo-compound (15 mg.) ar 
odium hydroxide (2 ml.), and the cooled solutix 
lion Sodium pyropho phate decah 


mpound 


} ‘ 
‘ 


Buffer tud 
te (13-3 ¢.) were dissolved in water, and the solution made up to 21 This solution, 


to which chloroform (10 ml.) was added as preservative, had pH 8 
A solution of the azo ym pound (3 ml.) pyrophosphate bufter 


Iteduction experiment 
vere mixed while oxygen-free nitrogen 


12 ml vater (7 ml.) and n/50-hydrochloric acid (31 
passed through the mixture. After 10 min. xanthine oxidase solution (I ml, of preparation 
tage M/5, see ref. 18) was added and the solution ! lly transferred to a stoppered l cm 
absorpt ell rhe cell, which was completely filled (no air-space), was used as above for 
against a control 


lly every 5 min 


the optical density at intervals 
ompound, In a number of cases removal of the 


bsorption in the region of the azo-K 


measurement of 
lution containing everything but the azo-« 


from the cell to allow access of air increased the a 


t opel 
Py 
band; the following run with methyl-red shows this effect 
lime in 4 s 13 21 6 5 50 § Stopper 59 68 
D (400 rv 1-151 1046 0-860 0-602 0-282 17 0-093 6 removed 0-120 0-134 
th Ethanoli immonium Sulphide 


j 


Reduction of 4-Dialkylamino-2’-nitroasobenzen 
’-nitroazobenzene (1 g.) 


ilphide was passed into a solution of 4-dimethylamino-2 
| When the solution had become 


Hydrogen 
d 0-880) in ethanol (150 ml 
The dried ether solution 


1 aqueous ammonia (10 ml 


na ju 
pale yellow it was diluted with water and extracted with ether 
ielded the triazole oxide (IIL; R Me) (0-85 eg ! 165-167 ‘As pale vellow needles 
from ethanol, as described by Elbs et al.™ 

Similar reduction of 4-di-(2-chloroethyl)amino-2 troazobenzene gave an almost quantit 
ative yield of 2-|p-di-(2-chloroethyljaminophenyl |benzotriazole oxide monohydrate, yellow plates, 
m. p. 133--134° (from ethanol) (Found: C, 51-7; H,43; N, 15-1; Cl, 192, CygH,ON,Cl,,H,O 
requires C, 52-0; H, 43; N, 15-2; Cl, 19-3° 

II] Kk CHyCH,Cl lo a solution of 


Stannous Chloride Reduction of the Triazole Oxid 
of stannous chloride dihydrate (25 g.) 


the triazole oxide (2-0 g.) in ethanol (150 ml.) was added one 
in concentrated hydrochloric acid (25 ml.) and water (25 ml After 24 hours’ refluxing the 
hydroxide was added A, dried benzene 


removed and an excess of aqueous sodium 


ethanol was 
ated alumu 


issed through a column of acti hich retained unchanged oxide but 
he triazole formed pale 


kt CH,yCH,Cl) to pa through 


extract was pi 


allowed the benzotriazole (lV; P 
yellow plates, m. p. 137-—-138°, from light petroleum 60-80 Found: C, 57-0; H, &1 
N, 16-9. C,,H, N,Cl, requires C, 57-3; H, 48; N, 16-7° 

th I-thanol dium Sulphide A solution 


Reduction of 4-Dialkylamino-2’-nitroazobenzen 

f the nitroamine (II kk Me) (1-0 g.) in ethanol (30 m|! is heated with a 
ulphide (3-5 g.) in water (3 ml) for 1 h1 Addition o iter to the cooled solution yielded an 
precipitate which was collected and repeated! The product, 
peared to be homogeneous under the microsc formed orange plates, m, p, 133-134, 
solution was passed through acti vo bands appeared The 
Kk Me), m, p 


was easily eluted contained the triazole (IV 
zole oxide (III Kk Me) by stan 


olution of sodium 


d from ethanol 


tallise 


orange 


Vhen its benzene ited alumina t 


fluorescent yellow band which 


183-184 vhich was also obtained by reduction of the tria 
nous chloride 4 more strongly adsorbed orange ba eluted with ether It contained 
2’-amiy 1-dimethylaminoazobenzene, m. p. 105-—106 vhich formed orange plate from aqueous 
ethanol (Found: C, 70-1; H, 67; N, 23-1 C,,H,,N, requires C, 70-0; H, 67; N, 23-:3%) 

" r reduction of 4-di-(2-chloroethyl)amino-2’-nitroazobenzene gave a sulphur-containing 
compound, m, p. 194°, colourless needles from benzene, as the only characterisable product It 
is apparently 2-p letrahydro-4-thiazinyl phenylbes triazole I) (Found ( 64°53 H, 53; 
N, 18-3 10-4. CygHygN,5 requires C, 64-8; H, 5-4 ‘, 18-9 108%, 
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339. isoThebaine: The Synthesis of 2:3: 6-T'rimethoxyaporphine. 


W. Bentiey and E. T. Bivy 


2:3: 6-Trimethoxyaporphine has been synthesised by a combination of 
the Bischler-Napieralsky isoquinoline, and the Pschorr phenanthrene 
ynthesis, and been found to differ from isothebaine methy] ether. 


fue alkaloid zsothebaine, which occurs in the roots of Papaver orientale after ripening and 
withering of the aerial parts,! was considered to be 4-hydroxy-3 : 5-dimethoxyaporphine 
aporphine has the structure ([)} by Klee,* who degraded the methyl] ether to 3: 4: 5-tri 
methoxyphenanthrene, a result subsequently confirmed by Schlittler and Miiller.* This 
identity of the end-product of degradation with 3: 4: 5-trimethoxyphenanthrene has 
however been challenged by Kiselev and Konovalova* who for this reason rejected the 
tructure suggested by Klee 

On biogenetic grounds Bentley and Cardwell® suggested that the alkaloid could be 
2(or 4)-hydroxy-3 : 6(or 5)-dimethoxyaporphine. Of the possibilities embodied in thi 


OMe 


MeO OC. 


uggestion one is the structure suggested by Klee: and the 4-hydroxy-3 : 6-dimethoxy 
and the 2-hydroxy-3 : 6-dimethoxy-structure can be eliminated as :sothebaine methy] ether 
is not identical with morphothebaine dimethyl ether or with 2 : 3 : 6-trimethoxyaporphine, 
which was synthesised as described below. In view of these results, and of the fact that 
isothebaine cannot be 5-hydroxy-3 : 6-dimethoxyaporphine since its methyl ether is not 
identical with N-methyltuduranine methyl ether, Kiselev and Konovalova’s disagreement 
with the experimental work of Klee and of Schlittler and Miller can be discounted, 

2: 3: 6-Trimethoxyaporphine was synthesised in the following way. 4: 5-Dimethoxy 
2-nitrophenylacetyl chloride was concensed with 2-m-methoxyphenylethylamine, and the 
resulting amide dehydrated with phosphorus pentachloride to 1-(4 : 5-dimethoxy-2-nitro 
benzyl)-3 ; 4-dihydro-6-methoxyisoquinoline (I1), the methiodide of which with zinc and 


' Gadamer, Arch. Pharm., 1911, 249, 39 
®* Klee, Arch. Pharm., 1914, 262, 211 
chlittler and Miller, Helv. Chim, Acta, 1948, $1, 1119 
* Kiselev and Konovalova, /. Gen. Chem. (U.S.S.R 1949, 19, 148 
» Kentley and Cardwell, /., 1955, 3252 
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hydrochloric acid gave 1-(2-amino-4: 5-dimethoxybenzyl)-l : 2:3: 4-tetrahydro-6 
methoxy-2-methylssoquinoline. This base on diaz ion and treatment with zine dust 
inderwent Pschorr phenanthrene ring closure, yielding 2: 3: 6-trimethoxyaporphine 
his base could not be induced to form a crystalline hydrogen ( tartrate as does 
tsothebaine methyl! ether, and the ultraviolet spectrum of the synthetic base showed 


nificant differences from that of itsothebaine; the two bases are clearly not identical 


EXPERIMENTAI 


5-Dimethoxy-2-nitrophenylacetyl)- : ethoxy} ; hylamin Phosphorus penta 

(25 g.) was slowly added to a suspension of 4 limethoxy-2-nitrophenylacetic acid 

g.) in cold, dry chloroform (80 ml.), and when t n was complete the resulting 
olution of the acid chloride was added slowly, with vigorous stirring, to a mixture of 2-m 
methoxyphenylethylamine (12 g.), chloroform (50 ml.) and 0-70N-aqueous sodium hydroxide 
606 ml with ice-cooling. After 20 min. the chloroform layer was separated, the aqueous 
layer was extracted once with chloroform, and the combined chloroform solutions were washed 
with dilute acid, aqueous sodium hydrogen carbonate, and water, and dried (MgSO, On 
evaporation of the chloroform a viscous oil was obtained and this was crystallised from methanol 
yield 17-5 2 The amide was obtained as yellow ms, m. p. 156°, on recrystallisation from 
ethanol (Found: C, 60-7; H, 59; N, 7-3. ¢ igtl.O,N, requires C, 60-9; H, 5-9; N, 7-59 
1-(4 : 5-Dimethoxy-2-nitrobenzyl)-3 : 4-dihydro-6-methoxyisoquinoline (II) 4 solution of the 
foregoing amide (10 g.) and phosphorus pentachloride (12 g.) in chloroform (80 ml.) was set 


aside at 15° for 3 days. The solvent was removed in vacuo, the residue dissolved in boiling 


water, and the solution filtered. The sparingly soluble salt that separated when the solution 
‘ 
t} 


was cooled was collected, dissolved in hot water, and decomposed with aqueous ammonia. The 
liberated base was collected and recrystallised from methanol, 1-(4 : 5-dimethoxy-2-nitrobenzyl) 
3: 4-dihydro-6-methoxyisoquinoline (7:5 g.) being obtained as colourless prisms, m,. p. 172 
(Found: C, 64-1 H N, 7:8. CygHgO,N, require 64-0; H, 5-6; N, 7-9%) Che 
methiodide, prepared by refluxing the base with exce f methyl iodide for 30 min,, was obtained 
from ethanol as yellow prisms, m. p. 182 (Found C, 481; H, 45; N, &6; I, 253 
C gH N,,CH,l requires C, 48-1; H, 4-6; N, 5-6; 25-5 
1-(2-Amino-4 : 5-dimethoxybenzyl)-1 2:3 4-tel lro-6-methoxy-2-methylisoquinoline 


9 
, Ot; 


Zinc dust (25 g.) was slowly added to a stirred suspension of the nitrobenzylisoquinoline 
methiodide (3-5 g.) in concentrated hydrochloric acid (80 ml.) and water (35 ml.) at 80-90 
rhe filtered solution was subsequently made alkaline with ammonia, and the liberated base 
extracted with ether. The ether extracts furnished a viscous oil, and the amino-compound was 
characterised as the dihydrochloride, colourless prisn m. p. 240° (from ethanol) (Found 
C, 57-6; H, 7:0; N, 6-8; Cl, 17-3. C,,H,.O,N,,2HCI re 3 C, 57-7; H, 68; N, 68; 
Cl, 17-1% 

(+)-2: 3: 6-Trimethoxyaporphine 1-(2-Amino-4 : 5-dimethoxybenzyl)-1 : 2:3: 4-tetra 
hydro-6-methoxy-2-methylisoquinoline dihydrochlorid: 1-94 g.) in methanol (10 mil.) and 
2n-sulphuric acid (10 ml.) was diazotised with aqueous sodium nitrite The mixture was kept 
for 2 hr. at 10---15°, and then boiled under reflux for 1 hr., with the addition of concentrated 
hydrochloric acid (3 ml) and zine dust (5 g.) Phe filtered ion was made strongly alkaline 
with aqueous sodium hydroxide, and the precipitate extracted with ether Ihe ether extract 
yielded 2:3: 6-trimethoxyaporphine as an uncrystallisable oil Lhe perchlorate formed 
almost colourle prisms, m. p. 213°, from 50%, et l yund 56-4; H, 5:2; N, 3-4 
Cl, 82. Cy ,H,O,N,HCIO, requires C, 56-6; H, 5-7; N, 3: . The methiodide was 
obtained as almost colourless prisms, m, p. 207°, fron jue thar (Found: C, 64-2; 
H, 5-2; N, 3-3; 1, 27-5. CygH,,O,N,CH,I require 


’ 20° *2 


ABERDEEN 


Vital and Seshadri: Synthesis of Leprapinic Acid and 


Synthesis of Leprapinic Acid and Constitution of Pinastric 
Acid, 
By O. P. Mitrar and T. R. SesHaprei 


Leprapinic acid has been synthesised by hydrolysis of «-o-methoxyphenyl 
z’-phenylketipinic dinitrile to 2-methoxypulvinic dilactone followed by 
methanolysis, The nuclear methoxyl group of pinastric acid should be 
located in the phenyl ring near the ester grouping since the product of its 
ondensation with o-phenylenediamine and subsequent hydrolysis contains a 
methoxy! group 


J in earlier communication,’ leprapinic acid was shown to be 2 methoxyvulpinic acid 


(J lhus has now been confirmed by its synthesis employing Asano’s modification * * 
(two stage) of Volhard’s method. 


re — CbH-CO-CO-CHPh 
Cp prcoo 
CN i 


; CN 
OMe 
(Hl) (I): R= 


(V) IR 


CO,Me OH 
| 


R 


C-—C = CPh 
i | 
o——-——-COo 


(Ip: R=OMe, R=H. 
(VI)! ReH, R@=OMe. 


«-0-Methoxyphenyl-a’-phenylketipinic dinitrile® (II) was refluxed with sulphuric 
iwcetic acid and then acetic anhydride. 2 Methoxypulvinic dilactone (III) was obtained, 


which when treated with methanolic potassium hydroxide yielded 2-methoxyvulpinic acid 


1), identical with le prapinic acid 


CO,Me OH CO.Me 
| y Wes 
Ph-Cc=C—-C= Ph+CH+CH,-CO-CH,R 


! 
(vi) O=- (VIN) 


Zam N 
oath \ 
C-CH AR 
Ta Sw 
H 


(X) 


that, of the two lactone rings in (II), the one closer to the substituted benzene 
ore easily opened, This seems to be according to expectations based on the 
of electrons in the bridging chain (ef. 1V). Methoxy!] being an electron source, 


adn / 1055, 3053 
| Kameda, Ber, 1934, 67, 1522 
USS 68 1565 
innalen, 1804, 282, | 
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the positive charge on the carbon atom (A) will be considerably less than that on the 
carbon atom (Bj which consequently receives the attack of the methoxide ion preferentially. 
Since a similar method has been used * in the synthesis of pinastric acid from 4-methoxy 
nic dilactone (V), and since a p-methoxyl group will produce a similar electromeri 
it is reasonable to expect that, in this synthesis also, the lactone ring near 
ubstituted benzene ring should have undergone fission and hence this acid should also 
contain the methoxyl group in the phenyl ring near the ester group, as in (VI). This is, 
however, not in conformity with the findings of Asano and Kameda * who concluded that 
pinastric acid was 4’-methoxyvulpinic acid (VII m a study of its reduction products, 
one of which was assigned the structure (VIII) o throw more light on this question the 
method suggested by Schénberg ® and used earlier by Mittal and Seshadri ! in the case of 
leprapinic acid has now been used with pinastric acid. This acid has been condensed 
with o-phenylenediamine and then subjected to fission with absolute alcoholic potassium 
hydroxide. The final product is 2-4’-methoxybenzylbenziminazole (X), identical with a 
synthetic sample obtained from /-methoxyphenylacetic acid, thus showing that the 
methoxyl! group in pinastric acid also is attached to the benzene ring which is close to the 
ester group, 1.¢., it is 4-methoxyvulpinic acid (V1 


EXPERIMENTAI! 

thoxypulvinic Dilactone a-0-Methoxyphenyl-«’-phenylketipinic dinitrile was prepared 
according to the method of Asano and Kameda.* The intermediate ethy! cyano-o-methoxy 
phenylpyruvate melted at 95—96° (lit.4, 104105 Found: C, 62-5; H, 53. Cale, for 

C,3H,,;0,N : C, 63-1; H, 5-3%) 
rhe dinitrile (0-5 g.), acetic acid (6 c.c.), concentr d sulphuric acid (3-3 c. and water 
4 c.c.) were heated under reflux for 2 hr. A reddish-brown oil gradually separated. When 
cooled and treated with water the oil solidified The id was filtered off, dried, and refluxed 
with acetic anhydride (5 c.c.) for 4 hr. The exce of the anhydride was decomposed with 
ice-water, and the yellow precipitate filtered off and dried (yield 0-5 g It crystallised from 
benzene as yellow needles, m. p. 172—-173° (Found: C, 71-5; H, 3-7. Cale, for C,,H,,O, 
C, 71-2; H, 3-8B%) rhe mixed m. p. with 2-methoxypulvinic dilactone obtained from leprapini 

an id was unde pressed 

Methyl 2-Methoxypulvinate (Leprapinic Acid 2-Methoxypulvinic dilactone (0-25 g.) was 
dissolved in absolute methanolic potassium hydroxide (50 c.« 2%), kept at room temperature 
for 4 hr., diluted with water (150 c.c,), and acidified Che precipitate crystallised from methanol 
as golden-yellow rectangular tablets, m. p. 159-—160° alone or mixed with leprapinic acid 
obtained from Lepraria citrina Schaer (Found : C, 67-6; H, 4:9. Cale. for C,gH,,O,: C, 68-2; 
H, 4 6° } 

Condensation of Pinastric Acid with o- Phenylenediamine Pinastric acid (0-7 g.), o-phenylene 
diamine (0-5 5 and NN-dimethylaniline (25 c.« were refluxed at 200-——210° for 4 hr. and 
after cooling, poured into dilute acid (200 c.<c.) Ihe dark brown 2-(a-2-benziminazolyl-4 
methoxybenzylidene)-3-hydroay-6-ox0-4 phenylfuran (1X) was filtered off, washed with dilute acid, 
then with water, and dried. It crystallised from ethyl a light petroleum as brown-red 
rhombohedral plates, m. p. 292—-293° (decomp.) (yield 3 2.) (Found C, 73-4; H, 42 
Cas ygO,N, requires C, 73:2; H, 44%). It dissolves with difficulty in benzene and ethyl 
alcohol and easily in ethyl acetate and in dilute alkali 

Hydrol, This product (150 mg.) was refluxed with absolute alcoholi potassium 
hydroxide (7 c.« 10%) for Shr. The insoluble pot: ' Its were filtered off and the filtrate 
was concentrated under reduced pressure. Ice-water (30 c.c.) was added, the semi-solid mass 


extracted with ether, and the ether extract dried and iporated Che residual 2-4’-methoxy 
benzylbenziminazole crystallised from ethyl acetate as colourle rectangular plates, m. p. 165 
166° (Found; OCH,, 12-4. C,,;H,ON, requires OCH ,) alone or mixed with a sample 


prepared from p-methoxyphenylacetic acid and o-phenyl 
Ty OF Dem, Dern cece 1, December Oth, 1955 
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341. The Components of Wool Wax. Part I1I.* 7-Oxocholesterol 
and the Alleged Presence of Cholestanol. 


By A. H. Mirpurn and E. V. Trurer 


schoenheimer’s alleged cholestanol,' isolated by fission of the digitonin 
complex obtained after the wool-wax alcohols have been brominated, contains 
mainly 7-oxocholesterol with some cholesterol dibromide and smaller and 
more variable amounts of lanostenol, Cholesta-3 : 5-dien-7-one is present 
only in samples obtained by decomposition of the digitonin complex under 


unsuitable conditions; it arises by dehydration of 7-oxocholesterol 


I~ 1930 Schoenheimer * described a method for determining what he considered to be the 
aturated congeners of cholesterol. The method is founded on the observation that chol 
esterol dibromide does not form an insoluble complex with digitonin, the percentages of 
terol that could be precipitated with digitonin before and after treatment with bromine 
wing determined, Treatment of the saturated sterols with sodium in boiling xylene 
Luses coprostanol to epimerise and so to lose its ability to react with digitonin wherea 

inol is, to a large extent, unaffected. Schoenheimer used this observation to di 
uish between the two natural isomers of dihydrocholesterol. 

holesterol concentrates from different sources were examined, and for wool wax it wa 
it 14-19%, of the total digitonin-precipitable material (4-—7°%, of the alcoholic 
was apparently saturated. Although the identity of the saturated wool-wax 
terols was not investigated further, the epimerisation test indicated that cholestanol wa 
the main component of some samples from other sources. Later workers » ® have accepted 
the implication that cholestanol occurs in wool wax. However, chromatographic separ 
itions of the wool-wax alcohols in this laboratory led to the conclusion that the presence of 
cholestanol, in more than traces, was unlikely, Schoenheimer’s experiments have, there- 

fore, been repeated and extended, and completely different results have been obtained. 

Wool-wax alcohols were brominated at 0° in ethanol and, after the insoluble dibromides 
had been filtered off, those compounds which still reacted with digitonin were precipitated 

i] ently, the digitonides were split by Bergmann’s’? or Dam and Schoenheimer 
nethod.* In agreement with Schoenheimer’s observations, the yield of “saturated ’”’ 
| obtained from the wool-wax alcohols varied from 4°8 to 6-4°% 

Initially a number of samples of the “ saturated”’ sterols (hereinafter called the S-fraction) 
were examined by different method Later the entire S-fraction was chromatographed on 
alumina in order to determine the approximate amounts of each component. 

klementary analysis of the S-fraction showed the presence of bromine. A change in 
the optical rotation from |« 14° to 24° during three days indicated the presence of 
libromocholesterol which is first precipitated as the 5a : 66-isomer, [a 44°, but slowly 
isomerises to the more stable 56 : 6a-isomer,® [« 47 Proof of the presence of cholesterol 
dibromide was obtained by debromination and identification of cholesterol. Contrary to 
choenheimer’s generalisation from other observations it was found that more thorough 
washing of the digitonide from the brominated wool-wax alcohols did not yield an $-fraction 
containing appreciably less bromine. Cholesterol dibromide alone does not form an in 
oluble digitonide so that, in these circumstances, it must be occluded in, or co-precipi 
tated with, the other insoluble digitonide 


If, J/., 1964, 3344 
nheimer, Z phy iol. Chem., 1930, 192, 77 
and Uibrig, Ber., 1914, 47, 2384; 1916, 49, 1724 
eimer, Z. physiol, Chen 1930, 192, 86 
Hummel, and Schoenheimer, itd., p, 93 
Lederer, and Velluz, Bull Chim. biol 
Ouarl, Rewenu 1951, 6, 390 
n ] Biol, Chen 1940, 192, 471 
1 Schoenheimer, Z. p/ 1. Chem., 1933, 215 
ind Miller, 7. 4m Chen 1950, 72, 1066 
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lreatment of the S-fraction with 2 : 4-dinitrophenylhydrazine followed by adsorption 
analysis disclosed 7-oxocholesterol and cholesta-3 : 5-dien-7-one. The presence of the 
latter in the S-fraction was surprising because it does not form a digitonin complex. Sub- 
sequently, two lines of evidence showed that it arose by dehydration of 7-oxocholesterol. 
First, if the digitonide was decomposed at room temperature cholestadienone could not be 
detected in the subsequent chromatographic fractionation. Secondly, the ultraviolet 
spectrum of the fresh digitonide showed a single absorption maximum at 238 muy, but 
after the digitonide had been split with Aot pyridine the resulting S-fraction showed absorp 
tion maxima at 238 and 280 mp. The second maximum indicated that cholestadienone had 
been formed during the process. 

Lanost-8-enol was identified after acetylation of the S-fraction and chromatography 
on alumina. It forms a moderately insoluble digitonide 1° so that its presence is not 
unexpected 

Krom preliminary elementary analyses the percentage of dibromide in fraction S was 
calculated, on the assumption that all the bromine was -present as cholesterol dibromide ; 
lanosterol dibromide may also be present but this has been ignored because lanosterol was 
not isolated from the products of debromination. Chromatography was then used to 
eparate the known components of the mixtur [he percentages, based upon the amounts 
of purified material, are as follows : 


Hartolan * 
Lanost-8-e1 . , 20 
7-Oxor lesterol oveves 38 
Dibromide (calc. from the Br analysis; and includes } l 

dibromide eee seevees 26 


84 


mn of total alcohols) bovde wove i . 4-8 
al not accounted for (°% of total alcohols) ...... ot O-8 


* Messrs. Croda, Ltd., Goole, Yorke 


No lanosterol was isolated from the laboratory wax although a fraction which amounted 
to 11°% of the total gave the characteristic Liebermann-Burchardt colour reaction 

Che Table shows that, as applied to wool-wax alcohols, Schoenheimer’s technique gives 
an S-fraction which, as Schoenheimer himself claimed, comprises about 5% of the total 
Che composition of more than 80%, of this material has now been elucidated but no evidence 
has been found to support the allegation that cholestanol is present—if it is, the quantity 
will not amount to 1% 


EXPERIMENTAI 


Optical rotations were measured in CHCI,, and ultraviolet spectra in EtOH 

Isolation of th Satuvated’’ Sterols.—-A ca, N-solution of bromine in ethanol was slowly 
added to a vigorously stirred solution of wool-wax alcohols (20-05 g.) in absolute ethanol (450 ml.) 
cooled in ice, until a slight excess was present (starch—i le After 2 hr. the suspension was 
filtered and the residue was washed with ethanol (100 m! Lhe crude cholesterol dibromide 
4-91 g.) had [a|, —38-5° (¢ 2-3) and m. p. 113 By the addition of water to the filtrate the 


/0 


concentration of ethanol in it was adjusted to 96%, 4 1%, solution of digitonin in 96%, ethanol 
/ 
| 


150 ml.) containing a slight excess of bromine wa ind the mixture was kept in the dark 
vhile the slight excess of bromine was maintained by occasional additions After 48 hr. the 
precipitate was filtered off, washed with 96% ethanol (50 ml.) and with ether (2 x 50 ml.) 
(this is ‘‘ the standard way ’’) and dried at 80 The product (4-77 g.) was very pale yellow 

In another experiment identical quantities of reagent vere used, but the digitonide was 
washed removing it from the sintered crucible and shaking it with ethanol (50 ml.), filtering 
the suspension, and repeating the treatment [his procedure was then repeated with ether 


50 mil.) The bromine content of the digitonice in the standard manner was 
1-71% while from the more carefully washed digitonide i , 73 


Den and Jege T, Helv. Chim Icla, 1045 28 


Milburn and Truer 


Recovery of Stevols from the Digitonide In the initial experiment the digitonide (4-64 g 

is dissolved in pure pyridine (75 ml.) on the water-bath (1 hr rhe solvent was then re 
moved under reduced pressure and the residue was extracted (Soxhlet) with dry ether.? The 
residue (3-5 g.) was dissolved in boiling 85% ethanol (350 ml.) and after 24 hr. at room temper 
iture the insoluble material was filtered off and treated with pyridine and ether as already 


cribed, Evaporation of the combined ethereal extracts yielded a yellow glass (1-23 g 
6 


ibsequent experiments the digitonide (4-51 g.) was dissolved in dry pyridine (50 ml.) at 
emperature, and the digitonin was precipitated by addition of ether (200 ml rhe 
tate (3-3 g.) was filtered off and dissolved in 85% ethanol (330 ml.) and the solution was 
de for 24 hr rhe white deposit was filtered off and treated with pyridine and ether as 
Che combined ethereal extracts were washed with water, dilute hydrochloric 

ind then water, and dried (Na,SO,) Fvaporation of the solvent afforded a pale yellow 


Separation of the Phenylhydvrazones One crystallisation of the yellow glass (1-23 g.) from 
ethy! acetate~methanol (1:1; 5 ml.) gave a white powder (0-78 g.), m. p. 138° Because the 
optical rotation of this material became progressively more dextrorotatory with time it was 
thought to contain cholesterol dibromide. The yeliow glass obtained by evaporation of the 
mother-liquor was treated with a solution of 2: 4-dinitrophenylhydrazine and cooled in ice. 
\fter 30 min. the precipitate (278 mg.) was filtered off and adsorbed on alumina (Brockmann 
p $; 15 50 cm,). 9: 1 Light petroleum—benzene eluted the 2 : 4-dinitrophenylhydrazone 
100 mg.) of cholesta-3 : 5-dien-7-one jenzene eluted a further 44 mg. of unidentified material 

| finally benzene containing 1% of ethanol eluted the 2: 4-dinitrophenylhydrazone of 
ocholesterol 


holesta-3 : 5-dien-7-one Kecrystallisation of the crude hydrazone from benzene—ethanol 
orange needles of cholesta-3 : 5-dien-7-one, m. p. and mixed m, p. 224—225° (Found 
70-8; H, 82; N,®7. Cale. for C,,H,,0O,N,: C, 70-5; H, 82; N, 995%), Amer 265 (log c 
ind 397 my (log e« 4-5) [lit Amax, 265 (log ¢ 4:3) and 397 mu (log ¢ 4-5)), [a]p — 380° (c 0-382) 
ittempt to split the 2: 4-dinitrophenylhydrazone by Robinson's method" using 99% 
rmic acid and copper carbonate yielded @ tar 
7 estevol [he 2: 4-dinitrophenylhydrazone of 7-oxocholesterol was obtained a 
from chloroform—methanol), m. p. and mixed m. p. 246-~-247°, [a]p 607 
258 (log ¢ 4:24) and 385 mu (log « 4-47) (Found: C, 67-9; H, 835; N, 9-65 
9,N,: C, 68-2; H, 8:3; N, 9-65%) 


istenol 


A portion of the S-fraction (0-692 g.) was crystallised from methanol (5 ml 
| then from ethyl acetate-methanol (3 ml.) to give white needles (80 mg.), m. p. 145°, [a]p 
60 0-41), of lanost-8-enol (Found: C, 84-25; H, 12-0. Cale. for Cy,H,,0: C, 84-0; H, 


Che acetate (needles, from ethyl acetate-methanol after purification on alumina) 


120 p + 58° (c 0-38) (Found: C, 81-95; H, 11-2. Calc. for C,,H,,O,: C, 81-7 
Che 3: 5-dinitrobenzoate had m, p. 207° (lit., m. p. 208°), and the benzoate had 
192-5 xl p 69° (c¢ 1-03) (lit., m. p. 194°, fa}, 68 
ition of the S-I*vaction derived from Hartolan rhe S-fraction (1-475 g.) was chrom 
ographed on acid-washed and reactivated alumina (1 20 cm Six fractions were eluted 
light petroleum), 343 mg 2 (1: 4 benzene—light petroleum), 44 mg. ; E3 (4: 1 benzene 
light petroleum), 106 mg k4 (benzene), 376 mg 25 (ether 435 mg., and £6 (1% of 
metl olin ether), 114 mg 
nol Fraction 1] was further purified by adsorption on alumina and re¢ rystallisation 
from ethyl acetate-methanol, to give needle 204 mg.), m p and mixed m p 144°, |« D 61 
[he benzoate (needles from methanol) had m p. 193°, {a 69 1-83) (Found C, 83-0 
H, 10-6. Cale, for Cy,H,,0,: C, 83-3; H, 10-7%) 

Chol vol Fractions E2, £3, and E4 contained bromine They were combined, disselved 
in ethan ind debrominated by refluxing with sodium iodide for 3 hr Ihe cold solution was 
then diluted with ether, and the ethereal solution washed with aqueous sodium sulphite, then 
vith water, and dried (Na,S5O,) Distillation of the ether and crystallisation of the residue 

om methanol gave cholesterol (50 mg.), m. p, 147-5 tp 3f 1-31) (Found C, 83-9 

11-9. Cale, for Cy,HyO: ¢ a4-0 H, 11-09% It gay an ace + m. p. and mixed 

114° (Found: C, 81-1: H, 10-9 Calc. for ¢ sold ygOe 81. 4), and a benzoate, 


anisotropic liquid) 149°, [« 14-4° (¢ 1-13) (Found 82-9; H, 10-0. Calc, for 
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C,,H,,O0 C, 83-2; H, 10-2%) Che original S-fraction contained 802% of bromine which 


corresponds to a cholesterol dibromide content of 26°, 
7-Oxocholestevol. Fractions ES and E6 were combined and recrystallised to give 7-oxo 
cholesterol (white needles from aqueous methanol 1. p. and mixed m. p. 170°, [a]p 102 
max 2398 mp (log e 4:1) (Found: C, 80-5 10-8. Calc, for Cy,H,O,: C, 80-8; 
H, 11-0% Its acetate had m. p. and mixed m, p. 155°, (0 95° (c 0-42) (Found: C, 78-7; 
H, 10-3, Cale. for C,,H,,O,: C, 78-6; H, 10-45% 

Composition of the S-Fraction derived from a Labovatory-extracted Waa Wax was extracted 


0-505), > 


from Australian merino wool (64s) by means of peroxide-free ether, and was hydrolysed at room 
temperature by sodium methoxide. After the alcohol 13 ¢.) had been isolated they were 
processed as indicated above, and yielded a brominated fraction (2-9 g.) and an S-fraction 
(0-82 g The S-fraction was chromatographed on neutral alumina (1 20 cm.) Three main 
fractions were obtained: Fl (27 mg.) was eluted with 3:7 benzene-light petroleum; F2 
(67 mg.) with benzene; and F3 (456 mg.) with ether 

Fraction k2 contained bromine. It did not crystallise even after purification on alumina, 
Che bromine analysis of the original S-fraction (Br, 4:34°,) suggests a dibromosterol content 
of 15°, 

Fraction F3 was 7-oxocholesterol (white needles from methanol; 418 mg.), m, p. and mixed 

170°, |a\p — 103° (c 0-5). The 2: 4-dinitrophenylhydrazone had m. p. 247°, [a], ~ 592° 
Found: C, 68-25; H, 8-2. Calc. for CysH,,O,N,: C, 68-2; H, 83%) 

Cholesta-3 : 5-dien-7-one was synthesised by Marker and Whittle’s method." Cholesterol 
(55 g.) was dissolved in thionyl chloride (55 ml.) and set aside for 24 hr rhe product was 
stirred with acetone and filtered and the residue recrystallised from acetone, to give pale yellow 
needles of cholesteryl chloride (37-5 g.), m. p. 96-5 

7-Oxocholesteryl chloride. During 1 hr. a solution of chromium trioxide (26 g.) in 50%, 
aqueous acetic acid (36 ml.) was added to a vigorously stirred solution of cholesteryl chloride 
(30 g¢.) in acetic acid (600 ml.) at 55 After 2 hr. the excess of chromium trioxide was 
destroyed by ethanol, the solution concentrated to one-third of its volume, and water (15 mil.) 
added. The crystalline chloro-ketone (8 g.) deposited from the cold solution had m. p. 144-—145 

Cholesta-3 : 5-dien-7-one. 7-Oxocholestery! chloride (7:5 g¢.) was heated under reflux for 
2 hr. with potassium hydroxide (7N; 240 ml.) in 94% ethanol After removal of the ethanol, 
water was added and the ketone was extracted with ether Evaporation of the ether gave a 
brown residue which was purified by adsorption on alumina rhe first fraction to be eluted 
with light petroleum was the desired ketone (cream-coloured prisms from ethanol; 2-3 g.), 
m. p. 114° (Found: C, 84-7; H, 11-1. Cale. for C,,H,O: C, 84-8; H, 11-0%) rhe 2:4 
dinitrophenylhydrazone (orange needles from chloroform—methanol) had m. p, 2256-226 
(Found: C, 70-7; H, 8&1; N, 10-0. Cale. for C,,H,,O,N,: C, 70-5; H, 82; N, 9-956%) 

holestevol. During 2 hr. chromium trioxide (9-1 g.) in 50%, aqueous acetic acid (12 ml 
was added to a vigorously stirred solution of cholesteryl acetate (13 ¢.) in acetic acid (140 ml 
at 56 After a further 2 hr. the excess of trioxide was destroyed by ethanol, and the solution 
was concentrated to one-third of its bulk. On cooling, the crude keto-ester was deposited; it 
was recrystallised twice from ether (m. p. 156; 2 ¢ Hydrolysis of the acetate (1-4 g.) at 
room temperature with sodium methoxide afforded 7-oxocholesterol (white needles from aqueou 
methanol; 0-5 g.),m. p. 170°. The 2: 4-dinitrophenylhydrazone (yellow needles from chloro 
form—methanol) had m. p. 246°, [a], 610° (¢ 0-2) (Found: C, 67-9; H, 84; N, 98. Cal 
for CygHggO,N C, 68:2; H, 83; N, 9-65% 


Ihe authors are indebted to Professor J. B. Speakma ! interest and encouragement, 
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342. The Components of Wool Wax. Part IV.* The 
Identijication of Some Steroidal Derivatives. 


H. Mi_surn, E. V. Trurer, and F. P. Wooprorp. 


Cholestane-36 : 5a : 68-triol, 7-oxocholesterol, and 3$-hydroxylanost-8 


en-7-one and 3(-hydroxylanost-8-en-7 : ll-dione have been isolated from 
commercial wool-wax alcohols by chromatography on alumina, 


lux alcoholic fraction of wool wax contains about 20° of long-chain aliphatic alcohols 
which can be easily extracted by treatment with urea.’}* The residue, which consists, as 
far as is known, of steroids and trimethyl-steroids, was resolved on a large-scale, somewhat 
unorthodox, chromatographic “ column.’ Alumina, instead of being packed in a vertical 
column, was placed in stoppered bottles, and the solvent was progressively decanted through 
the serie seventy-nine fractions were eventually obtained by development of the chrom 
atogram with benzene, the course of the separation being followed by means of the optical 
rotation. Although each fraction still contained a mixture, it was found that different 
components were concentrated in particular fractions. Detailed examination of some of 
these fractions has, so far, led to the identification of four new wool-wax components, 
namely, cholestane-3@ : 5a: 66-triol, 7-oxocholesterol, 36-hydroxylanost-8-en-7-one and 
36-hydroxylanost-8-en-7 : 11-dione 
lhe diketone has been described by Ruzicka e¢ al.2 It has been characterised through 
its acetate** and the acetate of the corresponding saturated ketol.®® 36-Hydroxy- 
lanosten-7-one has been prepared by Mijovic et al.? and by Knight e al.* by different 
route Neither of these compounds has been isolated from natural sources hitherto. 
ecause very mild oxidation of lanostenyl acetate gives the 7-oxo-derivative which can in 
turn be oxidised to 7: 11-dioxolanostenyl acetate, both compounds may be the products 
of autoxidation 
rhe presence of 7-oxocholesterol was suspected by Daniel e¢ al. They found that the 
quantity of cholesta-3 : 5-dien-7-one that could be isolated varied with the conditions of 
of the wax. Hot alkaline saponification gave high yields whereas hydrolysis in 
ive very low yields of the dienons rhey postulated that a 7-oxocholestery! 
er was the precursor, but 7-oxocholesterol itself was not isolated. After the conclusion 
{ the work described here, Panizo and Bilbao 1° reported the isolation of 7-oxocholesterol 
om Spanish merino wool wax. Contrary to our experience, and also that of Daniel e al.® 
nd of Mauthner and Suida,!! these authors state that the higher the temperature at which 
© wax is saponified the greater is the yield of 7-oxocholesterol 
Che preceding paper describes the isolation of 7-oxocholesterol by means of its digitonin 
mplex. In the present study it was easily obtained by chromatography on alumina. 
Ihe cholestane-triol was isolated from the most strongly adsorbed fractions. Its 
ical constants and those of its derivatives agreed well with those of a synthetic sample, 
elementary analysis, despite careful drying, persistently showed a low carbon 
As no difficulty was encountered in the analysis of the synthetic compound, it 
med that the impurity in the natural trio] might be a congener which is not removed by 
tallisation. After purification via its diacetate, the natural triol gave a satisfactory 
rhe possibility that the natural product was contaminated with traces of 
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aluminium compounds which had been eluted from the chromatographic column, was also 
examined; no aluminium could be detected. Apart from this observation the wool-wax 
compound appeared to be identical with the synthetic one. The mixed melting point of 
the diacetates was undepressed, and the infrared spectra of the nu‘ural triol and its di 
acetate were identical with those of the synthetic specimen rhe ti:ol was characterised 


by oxidation to the 5-hydroxy-diketone which was dehydrated to the 4: 5-unsaturated 
diketone 


EXPERIMENTA 
Optical rotations were measured in CHCl,, and ultraviolet spectra in EtOH 
Removal of the Long-chain Alcohols.*—Commercial l-wax alcohols (300 g Hartolan, 
Messrs. Croda, Ltd.) were dissolved in benzene—chloroform (1500 : 750 ml.) and the solution was 
poured on finely powdered urea (450 g.) which had been moistened with methanol (90 ml.) 
After 19 days, during which the mixture was occasionally stirred, the solids were filtered off 
and washed with benzene (250 ml1.). The filtrate and washings were combined and treated with 


‘ 


more urea (100 g.) moistened with methanol (20 m! ‘ine days later the solids were filtered 
off, washed with benzene (100 ml.), and united with tl lids from the previous treatment with 
urea Che filtrate was washed with water (3 500 mil ind the solvent was distilled off 
Che residue, consisting of polycyclic alcohols, was a red glass rhe urea complex was decom 
posed with water and the long-chain alcohols were filtered off (yield 64 g.; m. p. 59-—-63°) 
Separation by Adsorption.-Activated alumina was placed in 79 stoppered bottles of 450 ml 
capacity rhe first 25 bottles each contained 100 g. of alumina of low activity (Brockmann V); 
the next 25 each contained 50 g. of alumina (Brockmann \ ind each of the remaining bottles 
held 50 g. of alumina (Brockmann I), The polycyclic alcol 300 2.) were dissolved in benzene 
500 ml.) to give a clear solution. Subsequent dilution benzene precipitated the more 
polar alcohols which did not re-dissolve, even after dilution to 81. The precipitate (21 g.) was 
filtered off and an aliquot part of the solution (400 ml.) was poured into bottle | After the 
alumina had been thoroughly stirred and allowed to settle, the supernatant liquid was poured 
into bottle 2, and a further aliquot part of solution (400 ml.) into bottle 1 In this manner the 
entire volume was distributed in 16 bottles; later, benzene was used to develop the system until 
it occupied 79 bottles Che optical rotation of the supernatant liquids was used as a guide to the 
course of the separation Each bottle yielded two fractions for more detailed examination 
the mixture of alcohols dissolved in the supernatant liquid (recovered by evaporation to dryness), 
and the mixture of alcohols adsorbed on the alumina (recovered by extraction with chloroform 
in a Soxhlet apparatus). In some cases these fractions were combined 
7: 11-Dioxolanost-8-en-3-ol. The canary-yellow solid from bottle 47 (5 g.) was dissolved in 
light petroleum—benzene (9:1) and adsorbed on alumina (Brockmann IV\ 1-5 « 85 om 
column Elution with increasingly polar solvents gave nine fractions: A, 256 mg., [a}» 49°, 
was eluted with light petroleum—benzene (9:1); B, 3: g., [a]p ~85°, light petroleum 
benzene (4:1); C, 755 mg., [a]p +14°; D, 417 meg +-20°; E, 1481 mg., [aly +33 
F, 1125 mg., [|p 0° (all light petroleum—benzene; | G, 312 mg., [alp +57, benzene 
H, 799 mg., [a|p + 54°, benzene—ether (4:1); I, 208 meg %\, 0°, ether Kractions G and H 
were combined and adsorbed on a second column of alumina (Brockmann IV; 1 x 10 em.) 
rhe first fraction was eluted with benzene, the next five with benzene—ether (9: 1), and the last 
two with benzene—ether (1: 1 The amounts wert GH1, 31 mg z\ 0 (FH2, 48 my., fo 
30 GH3, 238 mg., {a 103°; GH4, 373 mg., {a 12 GHS5 f , 0 | 63°; GH6 
59 meg x 25 GH7, 85 mg., {a} +33°; GHB, 132 n 25 
Fraction GH3 was 36-hydroxylanost-8-ene-7 : 11-dione le yellow needles from methanol) 
It appeared to melt at 112-—114°, solidify as the temper » was raised, and melt again at 
142-5--143-5° (Ruzicka et al.4 give m. p. 113-—115 tle O71), Awae 272 mu (log € 3-9) 
Found: C, 784; H, 10-6. Calc. for Cy,H,,0,: C, 7 , 10-6 Acetylation with aceti 
anhydride at 50° gave a monoacetate, m. p. 157-6 90° (¢ 0318), Ang, 272 my 
(log ¢ 3-94) {lit., m. p. 157°, [a 90°, Anax, 273 n 3-9 The acetate (560 mg.) was 


dissolved in boiling glacial acetic acid (10 ml.), and zine d 4 V lowly added After 
the mixture had been heated under reflux for | hr. it v : id diluted with water, and 
the ester was extracted with ether. The ethereal solution was wa with water and dried 
Na,5O, after evaporation to dryness the residu rec tallised from methanol, to 
give plates of 7: 11-dioxolanostany] acetate, m. p. 22! 22: 56° (¢ 0-198) (Found 


C, 76-9 , 10-5 Calc. for C,,H,,0, : C, 76-75 
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alcohols from bottle 43 (2-74 g.) were combined with 

(Brockmann IV; 2 90 cm.), and the eluates 

eluted with light petroleum—benzene 
31°, with light petroleum—benzene 


ylanost-8-en-7-one Phe 

GH ¢ 8 and adsorbed on alumina 
1, 755 mg., {a 40°, 
», 177 mg. [a 3°, and 83, 241 mg., [a 
161 mg., {a with light petroleum—benzene 


41 consisted 


bined into fractions 


38-hydroxylanost-8-en 
hydroxylanost-8-en-7-one (white needles from methanol), 
255 mu (log e 3-94) (Found: C, 81-0; H, 11-1. Calc. for 
from acetonitrile) had m. p. 151 
0°45), depay 255 3°99) {values recorded in the literature are: m., p. 151 
7°;* 155°, fal, +4 , 255 muy (log ¢ 4-1)} (Found: C, 79-4; H, 10-7. Cal 
,: C, 79-3; H, 10-8° 
tion 44 was obtained as needles (from ether-hexane), m. p. 223°, Aya, 259 my (log ¢ 2 
i monoacetate (in anhydride at 50° for 30 min.), m. p. 185° (Found: C, 76-6; 
Cale. for CyH,,0,: C, 76°75; H, 10-5%). The diacetate (obtained by acetic an 
Chis substance appears to be a mixture of 36 : 1la-dihydroxy 
1 monoacetate, m. p. 185 
p. 216° (diacetate, m. p 


of cholesterol, and fraction 


Fraction B3 yield 33-hy 


30° (c 0-406 
H, 11-4% The acetate (needles 


81-4 
9 


aceti 


ridine) had m. p. 132 
Pp. 228", Amway 252 my (log ¢ 3-95), which gives ; 


sone, ™ 
lla-dibydroxylanostan-7-one, m 


cetate, m. p. 132°, and 36 
36: 5a: 6%-triol. (a) From wool wax: The alcohols extracted from the alumina 
10 were re-adsorbed on alumina (Brockmann V) and, after extensive washing of 
with chloroform, 1:9 methanol-—ether eluted the triol (needles from methanol), 
4|, 0° (in MeOH) (Found, after drying tn vacuo at 30° for 48 hr.: C, 76-3; 
C, 77-0; H, 11-4 Cale. for Co7HyOs teen: 
p. and mixed m. p. 167 
, 73°75; H, 10-4%) 


ith 
decomp -P 
after purification via the acetate 


11-5 Ihe diacetate (needles from aqueous methanol) had m 


10° (c 0-63) (Found: C, 73-6; H, 10-8. Calc. for C,,H,,0, : 

nthetic cholestanctriol, prepared by the method of Pickard and Yates,!* had m. p 
(Found, after drying in vacuo at room temperature: C, 77-2; 
p. 165-—~166", {a}, -39° (Found: C, 73-5; H, 10-6%). 


(a) Wool-wax cholestanetriol (405 mg.) in 90% acetic 


%\py 0° (in MeOH 

[he diacetate had m 

holestane-3 : 6-dione 
and benzene (4 ml.) was oxidised with sodium dichromate dihydrate (191 mg.) at 
22 hr After dilution with water the product was extracted with ether. Kemoval of 
lvent afforded the dione (needles from ethanol; 355 mg.), m. p. 231° (decomp.), [a|]p —21 
agreement with Fieser’s observation “ it was found that very slow cooling of the 
needles having a higher m. p., ¢.g., 242° and 248° (Found: C, 77-4; H, 10-4 

sas C, 77-8; H, 10-6%) There was no ultraviolet absorption band. 
etic triol (2 g.) was oxidised with chromium trioxide (1-4 g.) in glacial acetic acid 
for 16 hr Purification of the product gave the dione, m. p. 231 
(Kound: C, 77:3; H, 108%) 
dione (516 mg.) was dissolved in dry chloroform 
solution at 0° for 30 min Che 


130°, (a Dp 


AS above 


19° (c 9-6 
3: 6-dione (a) Syntheti 
d dry hydrogen chloride was bubbled through the 
uct afforded pale yellow plates (296 mg.) (from aqueous ethanol), m. p 
Fractional crystallisation from ethanol gave cholest-4-ene 
[he less soluble fraction wa 


308 and 251 my (loge 4:18 and 


252 and 307 mu 
yellow plates, m, p. 120°, Away 
p 164 165°, laly - Amar 


251 my (log e 4-02) 


as yellow needles, m 


Hydroxycholestadione from wool wax was dehydrated as described under (a The 

a yellow glass, {a)p 23°, Amar, 252 (principal) and 308 my. (weak) 

The contents of bottles 32 and 33 were chromatographed separately 
38°) and re-adsorbed 


; 
i 


lesterol 
were combined (567 mg tip 
\ 1-4 55 com Four fractions were eluted 

87°; U3, 131 mg. [a 04 and U4, 20 mg 
needles from light petroleum), m. p 
C, 80-8; H, 11-0. Cal 


mixed m. p. 155—156°, 


in 7 Ox hol ‘ terol 
(Brockmann 


mn rich 
ytther alumina column 
ene Ul, 9 me U2, 105 mg., |% 
Fractions U2 and U3 afforded 7-oxocholesterol 
103° (¢ 1-021 ; 238 mu (log ¢ 4:13) (Found 
SO-05; H, 11-1%) », and 
237 my (log « 10-2. Calc. for C,,H,,O, 
The 2: 4-dinitrophenylhydrazone had m. p. and mixed m, p, 246-——247 


It gave an acetate, m. | 
4:09) (Found: C, 783; H, 


ind Th las / 1951, 3147 
J/., 1908, 1678 
0 1953, 75, 4386 


1956 Further Studtes of Dihydroxynaphthalenes 1743 


&|p — 600°, dng, 258 and 385 my (log ¢ 4-24 and 4-46) (Found 67-9; H, 8-4; N, 98. Calc. 
for Cy,H,,O,N,: C, 68-2; H, 8-3; N, 9-65%). 


Che authors are indebted to Prof. J. B. Speakman for his interest and encouragement, to 
the International Wool Secretariat for financial assistance, and to Dr. E. Rothstein for the 
infrared measurements. 


[exTiLe CHEMISTRY LABORATORY, UNIVERSITY, LEED 4 teceived, December 12th, 1955.) 


343. Further Studies of Dihydroxynaphthalenes. 
By Nc. Px. Buu-Hoi and Denise Lavir. 


Syntheses are reported of several mono- and di-substituted derivatives of 
dihydroxy- and dimethoxy-naphthalenes (methyl homologues, allyl and 
benzyl derivatives, aldehydes, ketones), and the positions of the substituents 
are discussed. The conversion of dihydroxynaphthalenes into benzo 
coumarins and other heterocyclic sytems is investigated. 


It was recently found that treatment of dimethoxynaphthalenes with dimethylformamide, 
and Wolff—Kishner reduction of the resulting dimethoxynaphthaldehydes, provided a 
convenient route to methyl-substituted dihydroxynaphthalenes.! This method has now 
been applied to the preparation of methyl-substituted | : 4- and 1 : 6-dihydroxynaphthalene, 
Formylation of 1: 4-dimethoxynaphthalene readily gave | : 4-dimethoxy-2-naphthaldehyde, 
which Sah* claimed to have obtained by a Gattermann reaction from 1 : 4-dimethoxy 
naphthalene but whose properties differed considerably from those reported by that 
author. The constitution of our aldehyde was established, not only by the preparation 
therefrom of 1; 4-dihydroxy-2-methylnaphthalene, but also by formation, with aryl 
acetonitriles, of acrylonitriles (I), which gave 3-aryl-6-hydroxy-7 : 8-benzocoumarins (11) 
on demethylation with pyridine hydrochloride; this reaction proves the ortho-position of 
the aldehyde function in respect of a methoxy-group 


OMe 


@ if SSCHICAr “ - y* : 
' | 
CN 4 
ot 2 a : ‘ Ap i Tf, 


OMe OH ; 
(1) (II) (Hit) 


In the 1: 6-dihydroxynaphthalene group, | : 6-dihydroxy-4-methylnaphthalene was 
prepared by demethylation of 4: 7-dimethoxy-1-methylnaphthalene ; formylation of this 
ether gave 2: 5-dimethoxy-8-methyl-l-naphthaldehyde, in whose molecule the ortho- 
position of the formyl group was confirmed by conversion of its condensation product 
with benzyl cyanide into the benzocoumarin (III Reduction of this aldehyde, followed 
by demethylation, led to 1 ; 6-dihydroxy-4 : 5-dimethylnaphthalene, which was rapidly 
oxidised in air; an even greater autoxidability was encountered in the isomeric 4-ethy] 
| ; 6-dihydroxynaphthalene, whose dimethyl ether was prepared by reduction of l-acety] 
4 : 7-dimethoxynaphthalene 

In the 1: 5-dihydroxynaphthalene series, the zinc chloride-catalysed reaction of 
benzyl chloride with its dimethyl ether yielded a mixture of 4-benzyl- and 4 : 8-dibenzyl- 
1: 5-dimethoxynaphthalene; demethylation with pyridine hydrochloride, however, 
afforded the free dihydroxy-compound only from the disubstituted product, the mono 
benzyl derivative being converted into a compound containing more oxygen than that in 

1955, 2776 


him., 1940, 69, 1020, 1032, 1035, 


Buu-Hoi and Lavit: 


pected 4-benzyl-1: 5-dihydroxynaphthalene. In the 2: 7-dihydroxynaphthalene 
the constitution of 2: 7-dimethoxy-l-naphthaldehyde was rigidly proved by 
y. had the formyl group, by analogy with 

ition of 2: 7-dimethoxynaphthalene,* entered position 3, 3 : 6-dimethoxy-2-naph 
would have resulted. The last named acid, first synthesised by Sunthankar 
carboxylation of the lithio-derivative of 2 : 7-dimethoxynaphthalene, was 


to 2: 7-dimethoxy-l-naphthoic acid; 


i Gaiiman * DY 


iow obtained by oxidation, with sodium hypobromite, of 2-acetyl-3 : 6-dimethoxynaph 
prepared by Friedel-Crafts acetylation of 2 : 7-dimethoxynaphthalene, proving 
that formylation and Friedel-Crafts acylation follow different courses in this 
eri An attempt to prepare 2 ; 7-dihydroxy-1 : 8-di-n-propylnaphthalene by dehydro 
enation of the product of a Claisen rearrangement of 2: 7-diallyloxynaphthalene was 
ful, because this rearrangement-product was highly autoxidisable and could not 


ler 
thereby 


u 


5 
uUnSUCCE 
be obtained pure 
7-Dimethoxy-l-naphthaldehyde and 2; 7-dimethoxy-8-methyl-l-naphthaldehyde 
densed with arylacetonitriles to give acrylonitriles, which were converted into 
3-aryl-2’-hydroxy-5 : 6-benzocoumarins; similarly, coumarins were obtained by demethy! 
ation of the acrylonitriles derived from 2 : 6-dimethoxy- and 2 : 6-dimethoxy-5-methyl-| 
naphthaldehyde Although condensation of «- and 6-naphthol with @-ketonic esters ha 
frequently been used for the preparation of coumarins,® the behaviour of dihydroxy- 
hitherto been investigated only in the case of 1 : 5-di 
4-dihydroxynaphthalene readily gave 
for 1 : 6-dihydroxy 


On 


|-2’-hydrox. 


naphthalenes in this reaction has 
hydroxynaphthalene.? It was now found that | 


6-hydroxy-4-methyl-7 : 8-benzocoumarin (1V) with ethyl acetoacetate ; 


i and its 4-methyl homologue, the condensation products can be formulated 
xy-4-methyl- (V; R H) and 2’-hydroxy-4 : 6-dimethyl-7 : 8-benzocoumarin 
Me), in view of the known higher reactivity of «naphthol compared with th 

The same argument is valid for assigning the structure of 3’-hydroxy-4 : 6 
H) to the condensation product of 1 : 7-dihydroxy 


aie 


> isomel 


dimethyl-7 : 8-benzocoumarin (VI: R 


(Vill) (IX) 
ethylnaphthalen rom the same viewpoint, an interesting difference was noted 
7-dihydroxynaphthalene, the former giving no condensation product 
6-benzocoumarin 


ween 2 : 6- and 2 


| acetoacetate, whilst the latter gave 2’-hydroxy-4-methyl-5 


1-Hof and Khenissi, /., 1951, 2307 
ind Fedorova, /. Gen. Chem. (U.S.S.R.), 1936, @, 1079: Bell personal communication 
nkar and Gilman, /. Org. Chem., 1951, 16, & 
Vechmann and Cohen, Ber., 1884, 17, 2187 Bartsch, Bi: 1903, 36, 1966 Jargellini, 
5, 656, 945; Baker, J/., 1925, 127, 2349 
ind Weygand, /., 1941, 386 syhamshurin, /. Gen, Chey 
/., 1935, 103) 
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R.), 1944, 14, 885 
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(Vil |-Hydroxy-5-methoxynaphthalene readily gave 1'-methoxy-4-methyl-7 : 8-benzo 
coumarin, which underwent demethylation with pyridine hydrochloride to the 1’-hydroxy 
compound previously described by Robinson and Weygand.? 

Condensation of 2 : 3-dichloro-1 : 4-naphthaquinone with 2’- and 1’-hydroxy-4-methyl 


“ 


7 : 8-benzocoumarin in the presence of pyridine afforded 4’-methylcoumarino(7’ : 8’-4 : 3) 
(VIII) and 4’-methylcoumarino(7’ ; 8’-1 : 2)-brasan-5 : 10-quinone (IX) _ respectively; 
these high-melting compounds belong to a new type of complex oxygen-heterocyclic 


ystem 


EXPERIMENTAI 


1 : 4-Dimethoxy-2-naphthaldehyde.—-1 : 4-Dimethoxynaphthalene (91 g.; b. p. 175°/18 mm.) 
was prepared by methylation of 1 : 4-dihydroxynaphthalene (100 g.) with dimethyl sulphate 
(181 g.) and 10% aqueous potassium hydroxide (77 g.) \ mixture of this dimethy! ether 
(50 g.), dimethylformamide (25 g.), dry toluene (50 c.c.), and phosphorus oxychloride (47 g.) 
vas refluxed for 10 hr. with frequent shaking; on cooling, concentrated aqueous sodium acetate 
was added, and the mixture refluxed for 30 min The aldehyde was then taken up in benzene, 
the benzene solution washed with dilute hydrochloric acid, then with water, and dried (Na,50,), 
the solvent removed, and the residue fractionated in vacu i : 4-Dimethoxy-2-naphthaldehyde 
(25 g.), b. p. 199--200°/16 mm., formed stable, pale yellow needles, m. p. 117° (from ethanol), 
giving a red halochromy in sulphuric acid (Found : C, 72:2; H, 5-5. C,,H,,O, requires C, 72-2 
H, 56% The product obtained by Sah* from a Gattermann reaction with 1 : 4-dimethoxy 
naphthalene, and considered to be 1: 4-dimethoxy-2-naphthaldeh yde, melted between 60° and 65 
and darkened rapidly in the air; it was probably a mixture containing demethylation products 
of the aldehyde sought. 1: 4-Dimethoxy-2-naphthaldehyde t) emicarbazone formed yellowish 

m. p. 252° (decomp, > 225°), from acetic acid (Found; C, 57-8; H, 50. C,,H,,O,N,° 
requires C, 58-1; H, 5-2%). 

1 : 4-Dihydroxy-2-methylnaphthalene.-A mixture of the foregoing aldehyde (28 g.), 
hydrazine hydrate (12 g.), and diethylene glycol (150 c.c.) was heated until dissolution occurred ; 
potassium hydroxide (12 g.) was then added, and heating renewed for a further 30 min. at 
190-—200°, with removal of water. After cooling, water was added, and the reduction product 
was taken up in benzene, washed first with dilute hydrochloric acid, then with water, dried 
Na,S5O,), and fractionated in vacuo; 1: 4-dimethoxy-2-methylnaphthalene (21 g.) b. p 
170—171°/14 mm., nif 1.6086, gave a picrate which crystallised as red prisms, m. p. 91°, from 
ethanol A mixture of this dimethyl] ether (2 g.) and pyridine hydrochloride (12 g.) was refluxed 
for 10 min., water was added after cooling, and the demethylation product was taken up in 
ether; the ethereal solution was washed with a little cold water and dried (Na,SO,), and the 
residue from evaporation of the solvent recrystallised from toluene 1 : 4-Dihydroxy-2 


95°, 


methylnaphthalene formed colourless needles, m. p. 175°, becoming grey in the air rhe m, p 

ded * varies from 160° to 177-178 The procedure described here provides a convenient 
method for preparing this biologically important substance 

6-H ydroxy-4-methyl-7 : 8-benzocoumarin (LV 4 cooled olution of 1: 4-dihydroxy 

lene (4 g.) and ethyl acetoacetate (10 gz.) in ethanol (40 « was saturated with hydrogen 

chloride, and the mixture kept for 4 hr.; the precipitated product was collected, dried, and 

C, 74-0; H, 4-6 


recrystallised from toluene, giving yellow prisms (3-2 g.), m. p. 206° (Found 
C, 19g Tequire C. 743: H, 4-4%) 
8-(1 : 4-Dimethoxy-2-naphthyl)-a-phe nylacrylonitril I I Ph 4 solution of 1: 4-di 


thanol (100 c.« was 


methoxy-2-naphthaldehyde (5 g.) and benzyl cyanide (2-7 5 in warm ¢ 


shaken with a few drops of 20% aqueous sodium hydroxide, and the mixture kept for 30 min 
the oil obtained on dilution with water solidified to a crystalline mass (6 ¢.) Recrystallisation 
from ethanol afforded pale yellow needles, m. p. 120°, giving a red halochromy in sulphuric 
wid yund C, 81-9; H, 665 C,4,H,,O,N requires ( H, 54%) Similar acrylo 
nitriles are listed in Table 1}. 

6-Hydroxy-3-phenyl-7 : 8-benzocoumarin (II; Ar ‘h foregoing nitrile (6-5 g 
vided on cooling, and 


"00 
272 


reated with boiling pyridine hydrochloride (35 g.) f nin., water 
mixture refluxed for 5 min the precipitate formed yellow needles (3-6 g.), m. p 
from ethanol-toluene), whose solutions gave a strong green fluorescence (Found , 90 
H,41. C,,H,,O, requires C, 79-2; H, 4-2%). Similar imarins are listed in Table 2 
bre ind Lohmann, Ber., 1921, 54, 2912 Sal l 
1939, 13 $57; Giral, Anales. Fis. Outm., 1933, 91, 861 


Buu-Hoi and Lavit: 


FABLE 1. «(-Disubstituted acrylonitriles.* 
Found (° Reqd 


Formula 


lorophenyl-£-(1 : 4-dimethoxy-2-naphthy! ; of gO, NC 
lorophenyl-B-(1 : 4-dimethoxy-2-naphthyl 23 21 f1,,O,NCI 
mophen yl-B-(1 : 4-dimethoxy-2-naphthyl 
4-Dimethoxy-3-methyl-2-naphthyl)-a-pheny] 
7-Dimethoxy-|-naphthyl)-a-phenyl 
phenyl-B-(2 : 7-dirnethoxy-1l-naphthyl 
phenyl-8-(2 : 7-dimethoxy-1-naphthyl 
/-Dimethoxy-#-methyl-l-naphthyl)-a-phenyl 
$-(2 : 6-Dimethoxy-1-naphthyl)-a-pheny!l 
p-Chlorophenyl-£-(2 : 6-dimethoxy-1l-naphthyl) 
2: 6-Dimethoxy-5-metkyl-1-naphthyl)-a-phenyl 


p-Chlorophenyl-B-(2 : 8-dimethoxy-5-methyl-l 
naphthyl 
Z > Dir 


1-Met xy-4-meth yl-2-naphthyl)-a-pheny] 


; 


4 x 
) -” 
} ‘ 


ibstances were crystallised from ethanol; the halochromy in sulphuric acid varied from re 
except for the last substance which gave a green colour 
s nitrile was prepared from benzyl cyanide and the formylation product of 1 : 4-dimethoxy 
Inaphthalene this aldehyde was characterised as its thiosemicarbazone, pale yellow needles 
123° (decomp 205°) (from ethanol) (Found; C, 501; H, 5-5. C,,H,,O,N,5 requires ¢ 
76° 


l 


TaBLe 2. 3-Substituted benzocoumarins 
Found (° qd 

{ 

4 

4 


enzocoumarin lormula 

lt, ,O,Cl 10-7 Be 70-6 
iC). 33 70-6 
ill 0, bs 2 3: 62:1 


I 

enyl- 6-hydroxy-7 : 8 3 
3 

3 

aol hy yO, 7 ‘ 79-4 i 
4 

4 


nyl-é-hydroxy-7: 8 
enyl-6-hydroxy-7 : 8 
> methyl-3 phenyl 7:8 
enyl-7: 8 
t-phenyl-5: 6 
ypre nyl-2’-hydroxy-5 
pnen 1-2 hydroxy ” 
l’-methyl-3 phenyl 
}-phenyl-5 : 6 
yphenyl-3’-hydroxy-5 
4’-methyl-3-phenyl-5 
wrophenyl-l’-hydroxy-4’-methyl-5 ; 6 . 
l’-methyl-3-phenyl-5 : 6 setae 254 


sett rer 36 «(| 83-0 
79-2 
706 3 
62-1 
79-4 
79-2 


4 
4 
706 3 
4 
3 
4 


— 


ig H 19! sy 

itl 10,6 l 
, 

vtl, ,O,B1 


H 


~ 


Sc 


20 


wH ,,0,C1 
soft is! Pi 
Q,Cl 


79-4 
71-2 


79-4 


( 
( 
( 
( 
{ 
( 
( 
{ 
{ 
( 
( 
( 
( 
( 


All substances were crystallised from ethanol-toluene or acetic acid, forming pale yellow or grey 
needles, soluble in aqueous alkalis to yellow solutions; the toluene solutions showed strong 
ve 
tructures of this and the four following substances resemble that of naphthotocopherol, a 
product of a-phylloquinol possessing both vitamin E and vitamin K activities (Tishler, 
ul Wendler, /. Amer. Chem. Soc., 1940, 62, 1982 


1: 6-Dihydroxy-4-methylnaphthalene 4 mixture of 1 : 6-dimethoxy-4-methylnaphthalene ” 
3g.) and pyridine hydrochloride (18 g.) was refluxed for 8 min., and water (40 c.c.) was added 
ifter cooling; the demethylation-product was taken up in ether, the ethereal solution washed 
with water and dried (Na,5O,), and the residue quickly crystallised twice from benzene (char 
coal The dihydroxy-compound (1-8 g.) formed grey-tinged, autoxidisable needles, m. p. 132°, 
giving yellow alkaline solutions (Found ; C, 75-6; H, 5-7, C,,H,,0, requires C, 75-9; H, 5-7%) 
After a brief boiling of its pyridine (5 c.c.) solution with 2: 3-dichloro-1 : 4-naphthaquinone, 
this compound (0-26 g.) yielded a brasanquinone,™ as sublimable, brown-red needles (0-3 g 
from nitrobenzene), m. p 350°, giving a turquoise-blue halochromy in sulphuric acid (Found 
C, 768; H, 39. Cy,HyO, requires C, 76-8; H 6 

2: b-Dimethory-8-methyl-1-naphthaldehyde A mixture of 1: 6-dimethoxy-4-methyl 
naphthalene (16-5 g.), dimethylformamide (8 g.), phosphorus oxychloride (14-5 g.), and toluene 

c.) was refluxed for 6 hr., and the mixture worked up in the usual way Distillation im vacuo 

. mixture (16 g.) boiling at 227 220°/17 mm., which yielded on fractional recrystallisation 


| 7° 


Buu-Hol and Lavit, Bull. Soc. chim. France, 1955, 1419 
'! Buu-Hol, /., 1962, 480 
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from ethanol ) 2: 5-dimethoxy-8-methyl-1-naphthaldehyde (8 g.), pale yellow prisms, m. p. 
98° (Found . H, 59. C,,H,,O, requires 73-0 H, 6-1%) [thiosemicarbazone, 
yellowish needles, m. p. 276° (decomp. >250°), from acetic acid (Found: C, 59-1; H, 5-4 
1sf1,,0,N,5 requires C, 59-4; H, 5-6%)}, and (6) an isomeric aldehyde (0-6 g.), possibly 
1 : 6-dimethoxy-4-methyl-2 naphthaldehyde, pale yellow needles, m. p. 90°, showing a depression 
of m. p. on admixture with the main product (Found ; C, 72-8; H, 6-0° 
1 : 6-Dihydroxy-4 : 5-dimethylnaphthalene.—2 : 5-Dimethoxy-8-methyl-1-naphthaldehyde 
5 g.) yielded on the usual Wolff-Kishner reduction 1 : 6-dimethoxy-4 ; 5-dimethylnaphthaiene 
(4 g.), pale yellow oil, b. p. 187-—-188°/17 mm., nf* 1.5995, which solidified to prisms, m, p. 48 
(Found: C, 77-7; H, 7-5. C,,H,,.O, requires C, 77 H, 7-4 giving a picrate, deep orange 
needles, m. p. 96° (from ethanol). 1: 6-Dihyd } 5-dimethylnaphthalene, obtained On 
demethylation, formed readily autoxidisable, grey-tinged needles, m. p. 153-154”, from benzene 
(Found: C, 76-3; H, 63. C,,H,,O, requires C, 76-6; H, 6-4%) 
1-A¢ 1-4: 7-dimethoxynaphthalene.-To a cooled solution of 1: 6-dimethoxynaphthalene 
gy.) and acetyl chloride (13 g.) in dry nitrobenzene 125 c.c.), aluminium chloride (21 g.) 
was added in portions with stirring, and the mixture kept overnight at room temperature 
After decomposition with water and steam-distillation of the solvent, the product was worked 
up in the usual way, and gave a ketone, b. p. 232-—-235°/20 mm ystallising as colourless needles 
20 g.), m. p. 67°, from ethanol (Found : C, 72-9; H, 6:3 , , requires C, 73-0; H, 61%) 
2-(4: 7-Dimethoxy-|l-naphthyl)cinchoninic Acid \ solution the foregoing ketone (3 g.), 
isatin (2-1 g.), mm potassium hydroxide (2-2 g.) in ethanol (50 c.c.) was refluxed for 24 hr 
water was then added, the neutral impurities were removed by ether-extraction and the aqueous 
layer was acidified with acetic acid. The cinchoninic acid (95° yield) formed yellowish gr 
m. p. 226°, from ethanol (Found: C, 73-4; H, 4-9. C,,H,,O,N requires C, 73-5; H, 4°7%) 
Thermal decarboxylation afforded 2-(4: 7-dimethoxy-1l-naphthyl)quinoline, colourless prisms 
m. p. 121° (from ethanol) (Found: C, 79-7; H, 5-7. C,,H,,O,N requires C, 80-0; H, 54% 
4-kLthyl-1 : 6-dimethoxynaphthalene Wolfi—Kishner reduction of l-acetyl-4: 7-dimethoxy 
iaphthalene (13 g.) gave a very poor yield of 4-ethyl-1 : 6-dimeth naphthalene (2-5 g.) as a 
pale yellow oil, b, p. 196—-197°/20 mm., n# 1-6040 (Found : C, 77-7; H, 7-4. CyyH yO, requires 
C, 77-8; | oy demethylation afforded an alkali-solubl iscous yellow oil, which rapidly 
became a k resin on exposure to the air, 
2 ydroxy-4-methyl-7 : 8-benzocoumarin (V; BR H Obtained in 80% yield from 1 : 6-di 


hydroxynaphthalene (4 g.) and ethyl acetoacetate (10 g.) in ethanol (40 c.c,) saturated with 


hydrogen chloride, this coumarin formed colourless, sublimable needles, m. p, 260° (nitrobenzene), 


i 
soluble in aqueous alkali with a greenish-yellow colour (Found: C, 740; H, 46. C,,H,,O 
requires ©, 743 1:4% 
4’-Met} imarino(T’ 
» 


8’ 4: 3)brasan-5 : 10-quinon : I olution of the foregoing 
coumarin (0-3 g.) and 2: 3-dichloro-1 : 4-naphthaquinone 3 2 i y pyridine (5 c,c.) was 
refluxed for 30 min.; the precipitated product was washe benzene, and recrystallised a 
brown needles, m. p 350° (nitrobenzene), giving a deep violet halochromy in sulphuric acid 
Found ; C, 75-6; H,2-9. (C,,H,,O, requires C, 75-8; H, 3-2 

2’-Hydroxy-4 : 6-dimethyl-7 : 8-benzocoumarin (V kk Prepared from 1: 6-di 
hydroxy-4-methylnaphthalene (1 g.) and ethyl acetoacetate g.) in ethanol (10 c.c.), this 
yumarin (1-2 g.) formed yellowish, sublimable needle », 323°, from nitrobenzene (Found 

74-7; H,& C,5H,,0, requires C, 75-0; H, 5-0° 

3’-Hydroxy 6-dimethyl-7 : 8-benzocoumarin (VI ¢ Phi jumarin O6 
prepared from 7-dihydroxy-4 methylnaphthalene ’ i thyl acetoacetate 
formed yellow! iflets, m, p. 321 , from nitrobenzene n tS: H, 48%); 3’-hydroxy 
4:6 thyl-7 : &-benzocoumarin (VI; RB Me), obt ed from 1: 7-dihydroxy-4: 8 
dimethylnaphthalene (0-75 g.), formed pale yellow ublis le needles (0-6 @.), p. 315°, 
from nitrobenzene (Found: C, 75-3; H, 52. ¢ seth gO, Oe yuu 75-6; H, 56° 

Benzvylation f 1: 5-Dimethoxry naphthale ne A solution « his dimethyl ether (50 2.) and 
benzyl chlorid 34 g.) in dry chloroform (500 c. fluxed with finely powdered zine 


o/} 


chloride 5g.) for 6 water was added, and the chloroform la 4 vashed with aqueous 
odium h »xide, then with water, and dried (Na,5 ractionation in vacuo " the residue 
from evaporation of the solvent yielded: (a) 4-benzyl-1 methoxynaphthalene ae 
253-—255°/14 mm., which crystallised as colourless needles, 1 ». 115°, from ethanol (Pound 
C, 81-8: H, 6% Has! ), requires C, 82-1; H, 65 n lation with pyridine hydro 
chloride gave :¢ lid which crystallised from acetic acid as yellow vedies, m. p. 161°, which 


contained more oxygen than the expected t-benz y hydroxynaphthalene, (b) 
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eyl-1 : 5-dimethoxynaphthalene, b. p. 310-—-312°/20 mm., crystallising as colourless 
(3 g.), m. p. 234°, from benzene (Found: C, 84-9; H, 63. C,,H,,O, requires C, 84-8; 
demethylation afforded 4: 8-dibenzyl-1 : 5-dihydroxynaphthalene, an autoxidis 
yund which formed colourless needles, m. p. 198°, from aqueous acetic acid (Found 
H, 5-7. Cy HO, requires C, 84-7; H, 59%). 

Vethoxy-4-methyl-7 ; 8-benzocoumarin.-—-A water-cooled solution of 1-hydroxy-5-methoxy 
naphthalene (4 g.) and ethyl acetoacetate (10 g.) in ethanol (40 c.c.) was saturated with hydrogen 
chloride for 2 hr., then left overnight. The precipitate obtained was washed with ethanol, and 
gave on recrystallisation grey-tinged prisms, m. p. 190° (from toluene) (Found: C, 75-1; H, 5-2. 
Cy ,H,,0, requires C, 756-0; H, 50%). Demethylation with pyridine hydrochloride yielded 
\’-hydroxy-4-methyl-7 : 8-benzocoumarin,’? m,. p, 302—303°. 

4’-Methylcoumarino(7’ : 8’-1 ; 2)brasan-5 : 10-quinone (IX), prepared by boiling for 5 min. 
olution of 1’-hydroxy-4-methyl-7 : 8-benzocoumarin and 2: 3-dichloro-1 ; 4-napbthaquinone, 
formed brown-red prisms, m. p - 350° (from nitrobenzene), giving a brown-violet halochromy 
with sulphuric acid (Found: C, 75-5; H, 30%). 
2-Acetyl-3 ; 6-dimethoxynaphthalene To an ice-cooled solution of 2: 7-dimethoxynaph 
thalene (23 g.) and acetyl] chloride (10 g.) in nitrobenzene (200 c.c.), aluminium chloride (18 g.) 
vas added in portions with stirring, and the mixture left overnight at room temperature, then 
vorked up in the usual way. The ketone (6-6 g.), b. p. 210—211°/12 mm., formed colourless 
needle m, p. 65°, from light petroleum (Found: C, 72-8; H, 63% [It condensed with 
veratraldehyde in ethanol containing a few drops of aqueous sodium hydroxide, to give 3 : 6-dt 
methoxy-2-(3 : 4-dimethoxycinnamoyl)naphthalene, pale yellow needles, m. p. 109° (from ethanol) 
blood-red halochromy in sulphuric acid) (Found: C, 72-9; H, 5-7. C,,H,,O, requires C, 73-0; 
Hi, 5-% 
2-(3 : 6-Dimethoxy-2-naphthyl)cinchoninic Acid.—This acid, obtained by heating for 48 hr. a 
olution of 2-acetyl-3 : 6-dimethoxynaphthalene (2 g.), isatin (1-4 g.), and potassium hydroxide 
in ethanol (30 c.c.), formed pale yellow needles (0-5 g.), m. p, 230°, from ethanol (Found 
3-2; H, 48%). 
6-Dimethoxy-2-naphthoic Acid.-To an aqueous solution of sodium hypobromite (prepared 
2 c.c, of bromine and 2-8 g. of sodium hydroxide in 13 c.c. of iced water), a solution of 
6-dimethoxynaphthalene (2 g.) in dioxan (5 c.c.) was added, and the mixture 
haken for 1 hr.; the aqueous layer was then decanted, treated with a few c.c. of aqueous 
odium hydrogen sulphite, and acidified with hydrochloric acid. 3 : 6-Dimethoxy-2-naphthoi 
acid © formed colourless needles (1 g.), m. p. 185°, from benzene. 2: 7-Dimethoxy-l-naphthoi 
acid, prepared in poor yield by oxidation of the corresponding aldehyde (5 g.) with silver oxide 
iter at 60°, formed colourless prisms, m. p. 122°, from ligroin. Adams et al.™ gave 
113 
of 2: 7-Dihydroxynaphthalene.-—(a) A solution of 2: 7-dihydroxynaphthalene 


d allyl bromide (34 g.) in acetone (200 c.c.) was refluxed with potassium carbonate 


or 3 hr., and the mixture poured into water. The supernatant oil was dec anted, the allyl 
bromide in excess was evaporated, and the solid mass obtained recrystallised from ethanol, 
riving 2: 7-diallyloxynaphthalene (8 g.) as colourless needles, m. p. 62° (Found: C, 79-9; H, 6-7, 
C,H ,,O, requires C, 80-0; H, 6-7%); the picrate formed orange needles, m. p. 77°. Claisen 
rearrangement of this product, by boiling its Ciethylaniline solution for 1 hr., yielded an oil 
vhiucl rkened rapidly in the air and from which no solid derivative could be prepared 
2-H ydroxy-4-methyl-5 : 6-benzocoumarin (VII), prepared by keeping for 48 hr. a solution 
of 2: 7-dihydroxynaphthalene (4 g.) and ethyl acetoacetate (10 g.) in ethanol (40 c.c.) saturated 
with hydrogen chloride, formed grey-tinged needles (1-2 zg m. p. 277°, from nitrobenzene 
{ 740; H, 42% No coumarin was obtained under the same conditions with 
<ynaphthalene 


iuthors thank Professor I’, Bell (Edinburgh) for his kind advice on some points in thi 
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344. The Relative Stabilising Influences of Substituents on Free Alkyl 
Radicals. Part I, The Addition of Bromotrichloromethane and 
Butanal to Unsaturated Acids, Esters, and Nitriles, 

by R I HUANG 


rhe homolytic addition of bromotrichloromethane and butanal to un 
symmetrical olefins CHRICHR’ (ethyl crotonat crotonic acid, ethyl 
hydrogen maleate, ethyl B-acetylacrylate, ethyl cinnamate, and cis- and 
trans-cinnamonitrile) has been studied. Sinc: ric factors being absent, 
addition proceeds via the radical (say CHXR-*CHR”) of the greater stability, 
identification of the adduct in each case affords a comparison of the stabilising 
effect of R and R’ on the alkyl radical It is thu hown that the relative 
effects are; Ph > CO,Et, CN; CO > CO,ft CO,H > Me, 


rue properties of free alkyl radicals differ markedly according to the nature of substituent 
groups, exhibiting extreme activity in free methyl and ethyl, and relative stability in free 
benzyl and other radicals containing unsaturated groups. In general, substituent groups 
capable of resonance with the free radical centre conf tability, as in the free radicals 
derived from alkylbenzenes,! allylbenzene,* ketones,’ . No attempt, however, has 
yet been made to compare the relative stabilising effect uch groups; this work concerns 
such a study. 

It is now established that, where steric factors do not intervene, the course of a homolytic 
reaction depends on the relative stability of the intermediate free radical involved (for 
a review, see Huang *). In the addition, therefore, of a substance XY to an unsymmetrical 
olefin CHRICHR’ by the usual chain mechanism involving, say, the addition of X+ as the 
initiating step (reaction 1), the intermediate alkyl radical (I) or ([]) would be formed 
according to whether R or R’, respectively, confers the greater stability on the intermediate 
radical. [{Haszeldine’s postulate ® need not be considered here since both (1) and (II) 
contain the same number of hydrogen atoms at the radical centre.| Two products are 
therefore possible and, provided steric factors are absent or unimportant, identification of 
the adduct would reveal whether R or R’ is more effective as a stabilising substituent 


CHRICHR’ ——@ ‘CHR-CHR’X r CHXR-CHR* (1D) 
(I) + XY ——@ CHYR-CHR’> 
XY —— te CHXRCHR’Y 


Chis paper reports a study of some homolytic additions to crotonic acid and its ethyl 
ester, ethyl hydrogen maleate, ethyl 6-acetylacrylate, ethyl cinnamate, and cis- and trans 
cinnamonitrile. 

In the above chain mechanism, no addition takes place if the initiating reaction (1) 
fail On the other hand, if the propagation step (2) is slow, the intermediate radical (1) 
or (11) might (a) react with the olefin to form telomers, or (4), at higher concentration, under 
go chain termination by disproportionation or dimerisation uch side reactions might 
obscure the main course of the reaction. Since a yield of over 50°, is essential for a reliable 
evaluation of the stabilising influence of the competing groups, the choice of the reagent 
XY is critical The substances which are known to add to olefins and have been well 
investigated are the polyhalogenated methanes, aliphatic aldehydes and a-bromo-esters 
(for a review, see Cadogan and Hey ®), Of these, bromotrichloromethane (the initiating 


! 


radical being Cl,C-) was chosen as the only readily available reagent for such reactions for 


+ Huang and Lee, /., 1954, 2570. 
* Kharasch, Schwartz, and Nudenberg, J. Org. Chen 153, 18, 337 

* Kharasch, McBay, and Urry, J Amer. Chem. ° { 70, 1269 

‘ Huang, /., 1954, 3084 

* Haszeldine, /., 1953, 3565 

* Cadogan and Hey, Ouart. Rev., 1954, 8, 308 iK ch, Skell, and lisher, /. Amer. Chem. Soc., 
1948 70 1055 
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ill olefins, even styrene.’ Aliphatic aldehydes, especially butanal, add well to 
in olefins, but in some cases lead to formation of telomers, ¢.g., with ethyl fumarate,*® 
ers do not add at all, notably to substances in which the olefinic double bond 1 


with a benzene ring, as in benzylideneacetone.® 


Where applicable, however, 
, in that the structure 


; of the resulting adducts can often 
soth these reagents have therefore been employs d, with benzoy! 


yutanal is convenient 
f idate d, 
| th catalyst 


m of bromotrichloromethane 
This wa 


dit to ethyl crotonate gave the 


converted smoothly, by potassium acetate in hot 


m hydroxide in cold ethanol, into the butenoate (IV 
iiphuric acid, gave mesaconic acid. Thus the 


(IIIa), Since the 


ester (III) in 84‘ 
acetic acid or by 
, which in turn, with concen 


adduct has structure (III) and not 
intermediate radical (V) was clearly involved, 
more stabilising than methyl 


CiHCO,Et Me-CH--CH-CO,Et 
Br CCl, 
(Illa 


Me-C:CH-CO,Et 
II! 


Me-CH-CH-CO,Et PrCO-CHMe-CH,CO,Et 
CCl, 

m of butanal to the same ester afforded a 77 yield of the y-keto-ester (VI) 

hydrolysis furnished the corresponding keto-acid. The identity of the adduct 

mad doubt, since the alternative mode of addition would have led to a 6-keto 

ich would have been decarboxylated on hydrolysi Phi 


result confirms the 

finding 
tion of butanal to crotonic acid led to an excellent yield (83°/,) of the same y-keto 
carboxyl group is therefore a tabilising group than methy! 
est to note the isolation in the neutral fraction of the product of small quantitie 


formed probably by the action of the butyryl radical on butanal. Thi 


more efiective 


fey 


lormaty 


of acetoin by ultraviolet irradiation of acetaldehyde and of pyruvic acid !° 


probably proceeds by a similar mechanism 
Che product 


of addition of butanal to ethyl hydrogen maleate were separated into a 
an acid fraction. The former and main fraction consisted chiefly of ethyl 
vate (49°, overall yield) which in all probability was formed by decarboxylation 
o-acid (VII), derived in turn via an initial radical additio 

he carboxyl group in ethyl hydrogen maleate. (It 
ylation occurred with the intermediate radical or th 
raction was a mixture from which were isolated, after 

if 4-oxohe ptanoic a id 


n to the carbon atom 
is not known whether 
final addition product 
alkaline hydrolysis, small 
rhis could be obtained by the hydrolysis and partial 
ition of the alternative adduct (VIII) Since the adduct (VII) appears to br 


roduct it is reasonable to conclude that the ester group is more stabilising than 


PreCOvCH-CO, Et MeCO'CHyCH’CO,Et Me’CO-CH,y’CHyCOP! 

CH,yCO,H COP! 

Vil (IX x 
iwcetyvlacrylate and butanal gave an adduct (56' vield) which exhibited the 

mperties 


of a keto-enol system and on hydrolysis with potassium carbonate suffered 
lation also, to give the diketone (X) The adduct must therefore be the 6-keto 
the formation of which indicates the greater stabilising influence of the ketoni 


cinnamate the steric factors might seem capable of assuming significant 
laylor-Hirschfelder models of the two possible adduct 
ion, and Nudenberg, / Org. Chem., 1953, 18, 328 
ibid., 1952, 17, 1009 
id., p 1260 
herl, Z. physiol. Chem., 1938, 219, 177 


However, Fisher 
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with bromotrichloromethane showed both molecules to be strainless and, since the 
addition does not involve a transition state with higher compression than the end-product, 
the steric picture can be discounted. Addition of bromotrichloromethane to ethyl 
cinnamate furnished a crystalline adduct (72°, yield) which was converted by boiling 
aqueous-alcoholic potassium hydroxide into benzylidenemalonic acid rhe structure of 
the adduct must therefore be (XI). Treatment with potasium hydroxide in cold ethanol, 
} ver, gave a partially dechlorinated neutral substance, probably (XII), formed 
presumably by partial hydrolysis during isolation of the allylic chloride (XIII). Hydrolysis 
of the product (X11) with acetic acid containing perchloric acid 7 also furnished benzylidene 
malonic acid. This contrast in behaviour of (XIII) with the allyl trichloride (IV) may be 
attributed to the stabilising effect of the benzene ring on the intermediate carbonium ion 
XIV), by which the hydrolysis proceeds, 


H-CH-CO,Et Ph-CH-C:CO,Et PhCH t PhCH -C-CO,Et 
OH CCl, 1, CCl, 
(XII) X11 XIV) 


; 


In view of Patrick’s finding ® that butanal does not add to benzylideneacetone, its 
addition to ethyl cinnamate was not carried out. An attempt to add ethyl bromoacetate, 
however, proved unsuccessful. 

Addition of bromotrichloromethane to cis-cinnamonitrile gave, again in satisfactory 
yield, an adduct shown by degradation to be (X\ Isolation by crystallisation or 
distillation not proving feasible, the adduct was dehydrobrominated with potassium 
acetate in acetic acid, and was thereby obtained, not as the allyl trichloride (XVI), but as 
the partially hydrolysed (XVII) in a 56%, overall yield calculated on the nitrile consumed 
Hydrolysis of this with acetic acid and pere hloric acid gave «-cyano-6§ phenylac rylic acid, 
proving the structure 


Ph-CH-CH’CN Ph CH#=C Ph-CH-CG-CN 
Br CCl, CCl, OH CCl, 
XV (XVI (XVII 


The same product (XVII) was obtained from /vans-cinnamonitrile. However, the 
yield was considerably lower (33°), while the weight ratio between undistillable material 
and the adduct formed (approx. 1 : 1) was much increased (for the cts-nitrile the ratio was 
£323 Inasmuch as the same intermediate free radical is involved with both isomers, 


the high proportion of polymer in one case must be attributed, not to dimerisation of this 
intermediate radical, but to the formation of telomers as a result of different degrees of 
usceptibility of the isomeric nitriles towards attack by the same radical. This result is 
in contrast with those for ethyl crotonate and cinnamate, both of which are also trans, 


but parallels the addition of butanal to ethyl maleate and fumarate.® 

Again in contrast with ethy! crotonate and cinnamate, more than 50°, of either cinnamo 
nitrile did not enter reaction, even though higher molar ratios of bromotrichloromethane 
and of the catalyst were employed for a longer reaction time In view of the absence of 
hexachloroethane in the products, this indicates a short chain length rather than an 
neihicient mitiating reaction 

The relative stabilising influence of the substituen ar studied are thu 


PI CO,Et, CN; CO CO,Et > CO,H > Me 


EXPERIMENTA! 

f Bromotrichloromethane to Ethyl Crot te , mixtu of ethyl crotonate (20 2 
bromotrichloromethane (140 g., 0-7 | heated at 80° under nitrogen 
xide (3-6 ¢., 0-015 mole) was added ir portions during 6 hr., the mixture being 
dfor 2hr. On cooling, ether was add ul the solution extracted 4 times 
odium hydrogen carbonate, to remove benz cid After drying, the ether 

» unchanged bromotrichloromethane 90 2.) recovered by distillation 

jum Distillation of the residue then gave yl 2-bromo-3-trichloromethyl 
92°/1 mm, (46 g., 84%), and a yellow : lue (' Kedistillation of the 
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main product gave a colourless liquid, b, p, 92-——-93°/1 mm., n? 1.5007 (Found : C, 27-3; H, 3-5; 
C,H,0, BrCl, requires C, 26-9; H, 3-2; Cl, 34-1%). 

lrobromination,—(a) The above adduct (6-0 g., 0-02 mole) in cold absolute ethanol 
added to a solution of potassium hydroxide (1-15 g., 0-02 mole) in the same solvent 
vhite precipitate separated almost immediately and the mixture warmed slightly. 
at room temperature (28°) a few drops of acetic acid were added, the solid 
m bromide) was filtered off, and the filtrate concentrated to ca, 3 c.c Aqueous sodium 
(10%) was added and the product extracted into ether, washed with water, dried, and 
Distillation then gave ethyl 3-trichloromethylbut-2-enoate, b. p. 66-—68°/1 mm., 
g., 66%) (Found: C, 36-7; H, 41; Br, 0. C,H,O,Cl, requires C, 36-3; 


, 


» 


ibove adduct (10-4 g.) was heated with potassium acetate (10 g.) and acetic acid 
he mixture was poured into water and neutralised with 


I he 
on the steam-bath for 6 hr 
odium carbonate, and the product isolated by extraction and distillation, giving the 


te a ibove (5-6 g., 73%). 

The butenoate (1-3 g.), dissolved in twice it 
after which the solution wa 
15 


is to mesaconic acid volume of concen 
t at room temperature for 24 hr., 

then poured on ice (15 g.) and extracted with benzene (2 » 
The ethereal extract, after being dried, was concentrated, 
202-—204°) 


| iti cid, Wa 
40” for 2 hr, 

i with ether (56 x lic. 
uc acid which, crystallised from ethanol—benzene, had m. p. 202° (lit., 
(found: C, 46-2; H, 475, Calc. for C,H,O,: C, 46-2; H, 465%). Lower 
iined when heating was omitted or extended to 4 hi 
of Butanal to Ethyl Crotonate,--Ethyl crotonate (23 g., 
oles) were heated at 80° under reflux in an atmosphere of nitrogen while benzoy] 
s., 0-016 mole) was added in 4 portions during 6 hr. After 3 more hours’ heating 
distilled off on the steam-bath, the last trace 
n with benzene rhe residue was diluted with ether and extracted repeatedly 

wodium hydrogen carbonate, After drying, the ether was removed and the product 
ethyl 3-methyl-4 )xOheptanoate, b, p. 8] 83°/2 mm., ny 11-4271 (29 g., 77%) 
64-2; H, 99. Cy gH,,O, requires C, 64-5; The semicarbazone, needles 

ethanol, had m, p. 96-—-97° (ound N, ’ 2i10,N, requires N, 17:3% 

unaflected by a boiling 10% solution of potassium carbonate in 80% aqueous 


0-20 mole) and butanal! 


f butanal wa being removed by 


ter was 
© hit 
ter (9-0 g.) was boiled with 5% aqueous sodium hydroxide (70 c.c,) for 3-5 hr. by 
the mixture had become homogeneous. It was cooled and extracted twice with 
idified with dilute sulphuric acid, and the acid was taken up in ether, dried, and 
14414 (6-2 g.) (Found 


3-methyl-4-oxoheptanoic acid, b. p. 126°/3 mm., nF 
recrystallised from 


C,H,,0, requires C, 60-7; H, 8-9%) Che semicarbazone, 

dm, p. 176-—178° (Found; N, 19-8. C,H,,O,N, requires N, 19-5%) 
acid, Benzoyl! peroxide (1-9 g., 0-008 mole) was decomposed 
g., 0-56 mole) at 80° in 


f Butanal to Crotont 
crotonic acid (8-0 g., 0-09 mole) in butanal (40 


After removal of unused butanal, ether was added, and the acidi 
washed twice with ethe1 


produc ft 


) which wa 
0 cc.) his extract wa 
92° /0-5 


aqueous sodium carbonate (4 x 40 c.« 
5N-sulphunic acid, and extracted with ether (4 
iter, dried, and distilled, to give 3-methyl-4-oxoheptanoic acid, b. p. 90 
\ sample (1-01 g.) of the distillate gave 


contaminated probably with benzoic acid 
alone or mixed with that obtained in the 


By comparison with the yield of semicarbazone obtained from a pure 
distillate was estimated to contain 


1:12 g.) of the semicarbazone, m p. 175 


periment 
1¢ keto-acid under identical conditions, the above 
the keto-acid Ihe yield was therefore 83% 
itral fraction remaining in the ethereal solution after alkali-extraction was concen 
distilled, giving a fraction, b. p. 71-—80°/1 mm., ni 1-4295 (1-9 g.), and a viscous 
The former was further distilled evaporatively, giving a colourless liquid, n? 
id; C, 67-0; H, 11-2, Calc. for butyroin, CgH,,O,: C, 66-6; H,11-2%). Corson 
| Goodwin ™ report, for butyroin, b, p, 80-—-82°/10 mm., n¥ 1-4242. When warmed 
bis-2 : 4-dinitrophenylhydrazone 


id reagent it readily formed octane-3: 4-dione 
tallised from ethanol in needles, m. p. 109-—-110° (Found: C, 47-7; H, 4-8; N, 21-9 


, requires C, 47-8; H, 4-4; N, 22-3%). 


Benson, and Goodwin, J]. Amer. Chem. Soc., 1930, 62, 3988 
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Addition of Butanal to Ethyl Hydrogen Maleate.--Ethy|l hydrogen maleate, prepared by 
Shields’s method“ in 8% yield, had b. p. 110°/1 mm., n? 1-4590 (Found: C, 50-4; H, 5-9. 
Calc. for C,H,O,: C, 50-0; H, 5-6%). 

The product from ethyl hydrogen maleate (7-0 g., 0-05 mole), butanai (22 g., 0-3 mole), and 
benzoyl peroxide (2-0 g., 0-008 mole) was dissolved in ether, and separated by extraction with 
10% aqueous sodium hydrogen carbonate (5 x 20 c.c.) into a neutral and an acidic fraction. 
The neutral fraction (7-4 g.) was distilled, giving mainly ethyl 4-oxoheptanoate, b. p. 50-—54°/1 
mm., ni 1-4278 (4-0 g., 49%) (Found: C, 63-2; H, 9-55. C,H,,O, requires C, 62-8; H, 94%), 
whose semicarbazone, needles from aqueous ethanol, had m. p. 107---109° (Found: N, 184. 
Cy9H,,O,N, requires N, 183%). Hydrolysis by boiling 10% aqueous sodium hydroxide for 
3 hr. gave a good yield of the keto-acid, m. p. 46---46-5° (lit., m. p. 47-48"), which formed a 
semicarbazone, m. p. 150—-152° (from aqueous ethanol) (Found: N, 20-8. C,H,,O,N, requires 
N, 20-9%). The keto-acid and its methyl ester have been reported by Ladd.“ The residue 
(2-8 g.) from the above distillation was further distilled, giving two small fractions of varying 
refractive indices, b. p. 110-——-120° (bath) /0-5 mm. (total 1-1 g.) (which gave very small quantities 
of solid derivatives with Brady's reagent and with semicarbazide), and an undistillable residue 
(1-3 g.), all of which were not further investigated. 

The hydrogen carbonate extract was acidified with 5N-sulphuric acid and extracted with 
ether, dried, and concentrated to a viscous liquid. A solid (0-8 g.) which separi.ted crystallised 
from light petroleum; it was benzoic acid (m. p. and mixed m. p.), more of which 
(0-9 g.) sublimed on subsequent heating of the liquid at 0-5 mm. The residual liquid (2-7 g.) was 
divided into portions A and B. A (1-7 g.) was distilled, giving a colourless liquid, b. p. 120-—135° 
(bath) /0-5 mm. (0-48g.), which did not exhibit ketonic properties. The portion B (1-0 g.) was 
dissolved in 10% aqueous potassium hydroxide (10 c.c.), kept for 20 hr. at room temperature, 
then heated at 100° for 1 hr. The solution was acidified with sulphuric acid, extracted with 
ether, dried, and evaporated to a viscous oil. This gave 4-ketoheptanoic acid semicarbazone 
(0-09 g.), m. p. 149---150°, alone or mixed with the specimen obtained previously. To estimate 
the approximate amount of the keto-acid present in the mixture, an authentic sample was treated 
with semicarbazide under comparable conditions and the yields were compared. It was thus 
estimated that a total of 0-27 g. of 4-oxoheptanoic acid would be obtained by hydrolysis of the 
whole acidic fraction, corresponding to 0-32 g. or 3-3%, of 2-ethoxycarbonyl-4-oxoheptanoic acid 

Addition of Butanal to Ethyl $-Acetylacrylate._-The acrylate, prepared from ethyl levulate 
by bromination at 0° in ether solution followed by dehydrobromination with potassium acetate 
in acetic acid at 100°, had b. p. 48-—-50°/1 mm., nj? 1-4460 (cf. Wolff “). After being heated 
at 70° for 12 hr. with butanal (43 g., 0-6 mole) and benzoyl peroxide (2-4 g., 0-01 mole), the 
acrylate (14 g. 0-1 mole) gave, on distillation, (i) unchanged acrylate (2-5 g.), (ii) ethyl 2: 5 
dioxo-octane-4-carboxylate, b. p. 89-——-92°/0-5 mm., n? 1-4445 (92 g., 54%) (Found: C, 62-0; 
H, 84; O, 30-0. C,,H,,O, requires C, 61-7; H, 8-5; O, 29-9%,), and (iii) a yellowish residue, 
which did not distil at 150° (bath)/0-5mm. (6g.). This adduct was soluble in 30% aqueous 
sodium hydroxide, gave a violet colour with ferric chloride, and decolorised bromine instantly 
in chloroform. (The starting material did not exhibit the first two properties, and decolorised 
bromine relatively slowly.) When treated with aqueous-alcoholic semicarbazide (with sodium 
acetate) at 80° or in the cold the adduct reacted with elimination of two mols. of water, to give 
in good yield a solid derivative, probably a pyrrole derivative (cf. reaction of acetonylacetone 
with oxalyl dihydrazide “) which crystallised from ethanol in needles, m, p. 238° (Found ; C, 567-3; 
H, 7-7; N, 16-45. C,,H,,O,N, requires C, 56-9; H, 7-6; N, 16-6%). 

Hydrolysis and decarboxylation. ‘The above product (3-5 g.) was heated under reflux with 
potassium carbonate (3-5 g.) in water (15 c.c.) and ethanol (10 c.c.) for 6 hr. The ethanol wa 
removed under a partial vacuum, and the product extracted into ether, washed once with a 
little water, dried, and concentrated. Distillation gave octane-2 : 5-dione, a hygroscopic liquid, 
b. p, 60° (bath) /0-5 mm, or 105° (bath) /15 mm., n# 1-4317 (1-4 g., 61%) (Found: C, 67-8, 67-4; 
H, 9-7, 10-3. C,H,,O, requires C, 67-6; H, 99%, rhis reacted with semicarbazide, with 
elimination of two mols, of water, to form a solid derivative, m. p. 172°, which crystallised from 
ethauol in needles (Found: C, 59-5; H, 8-15; N, 23-0. C,H,,ON, requires C, 69-6; H, 8-3; 
N, 23-2%). 


Addition of Bromotrichloromethane to Ethyl Cinnamat kthyl cinnamate (35 g., 0-2 mole), 


iields, J., 1891, 59, 736 
4 Ladd and U Rubber Co., U.S.P. 2,577,133/1951 s.1’. 636,287/1950 
‘WwW innalen, 1891, 264, 248 
6B Ber., 1905, 38, 3914 
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romethane (160 g., 0-8 mole), and benzoyl peroxide (4 g., 0-016 mole) gave, after 
f benzoic acid, unchanged bromotrichloromethane, ethyl cinnamate (14 g.) (bath 
140°/0-2 mm.), and a yellow viscous liquid (40 g.) which on treatment with chilled 
eposited ethyl @-bromo-=-phenyl-a-trichloromethylpropionate, m. p. 56—-60° (23 g.), 
1 from methanol in pale yellow prisms, m. p, 65-5° (Found: C, 38-9; H, 3-5; 
+2. Cy,H,,0,BrCl, requires C, 38-5; H, 3-2; O, 85; Cl, 284%). The filtrate 
ntrated to a pale yellow oil (16¢.), a portion of which (4g.) on treatment with 
lic potassium hydroxide as for the solid [see (b) below) gave the same product, b p 
i mm., n? 1-5330 (1-7 g.), showing that this oil contained approx. 60% by weight 
e solid The total yield was therefore approx. 72°%,, calculated on the ester consumed 
ix-mol, excess of the halogenated methane and 12 mole’, of benzoy! peroxide were used 
little ethyl cinnamate was recovered, but the yield of adduct was not appreciably increased 
lvobvomination and hydyolysis. (a) The above adduct (1-4 g.) in absolute ethanol 
added to a solution of potassium hydroxide (2-8 g.) in the same solvent (30 c. 
«ture was kept at room temperature for 2 hr., then refluxed for 4 hr Water was added, 
ethanol removed under a partial vacuum, this being repeated, and the residual aqueous 
15 cx was then washed with ether three times and acidified with 5n-sulphuric acid 
The precipitated acid was taken up in much ether. Removal of the ether gave a solid, which 


ifter recrystallisation from benzene-cyclohexane, melted with efflorescence at 185° (115 mzg., 
rall), raised to 196—-199° on further crystallisation (Found : C, 62-0; H, 43. Calc. for 
C, 62-5; H, 42%). A sample (2 mg.) after being heated at 200° for 1 min., cooled, 
llised from aqueous ethanol gave cinnamic acid, m, p. and mixed m, p. 131—133 
nn” reports benzylidenemalonic acid, m, p. 195—196°, decomposing to cinnami 
ited 

bove adduct (3-7 g., 0-01 mole) in absolute ethanol was added to a solution of 
droxide (0-62 g., 0-011 mole) in the same solvent (20 c.c.) with cooling. After 
a few drops of acetic acid were added, and most of the ethanol was removed on the 
Ether was added, and the solution was washed repeatedly with 5% sodium 
rbonate solution, dried, and concentrated to an oil (2-9 g rhe hydrogen carbonate 
acidification gave no appreciable quantities of acidic material. The oil on 
ve ethyl a-dichloromethylene-3-hydroxy-2-phenylpropionate, b. p. 114°/0-5 mm., 

g.) (Found: C, 52-0; H, 46; Cl, 25-0; O, 16-9. C,,H,,O,Cl, requires C, 52-5 


25-8; O, 17:4%) 
The above adduct (1-2 g.) was heated with potassium acetate (0-8 g.) and acetic acid 
on the steam-bath for 7 hr. and the product isolated in the usual way, giving the same 


0-61 g.) as in (5) 
wotth per hlovic acid lhe product from (b) above (0-5 g.) was boiled gently with 
c.) and 60% perchloric acid (0-5 c.c,) for 4 hi Most of the acetic acid was 
distillation under a partial vacuum, water was add (ca. 10 c.c.), and distillation 


until about 1 c.c. of water remained, This was extracted with ether, and the acid 


odium hydrogen carbonate, washed with ether, precipitated by acidification, and 
" 


ip in much ether. Evaporation of the ether yielded benzylidenemalonic acid 

and mixed m, p, 197-199 

f Bromotrichloromethane to cis- and trans-Cinnamonttrile,—cis- and trans-Cinna 
prepared by decarboxylation of a«-cyano-f-phenylacrylic acid in pyridine." 


il distillations gave cis-isomer, b, p. 88-—-89°/2 mm.,, n}, 1-5882, and tvans-isomer 


2 mm., ny, 1-59088 K\istiakowsky reports « n* 1-5843, trans ny 1-6031. 
monitrile (14 g., 0-11 mole) and bromotrichloromethane (140 g., 0-7 mole) were 


vhile benzoyl peroxide (3-2 g., 0-013 mole) was a ded in six portions during 8 hi 


ure being then heated for 4 hr. more After removal of benzoic acid, distillation 


unchanged bromotrichloromethane and cinnamonitrile (8-5 g.), leaving a residue 


vas used directly for the next operation In another experiment attempts t 
uct by distillation and crystallisation were unsuccessful.) 
: product from the above (6 g.) was heated with potassium acetate (3-5 g.) and acetic 
it 100° for 7 hr he mixture was poured into water and neutralised with sodium 
urbonate, then isolated in the usual manner. Distillation afforded fractions (i 


1803, 26 
chim ‘ 


‘ 
i”? 


1956 Lhe Isomerisation of Sulphidimines. ll. 


1 mm. (0-8 g.); (ii) b. p. 105—120°/1 mm v., 56°% overall yield, calc, on 


imed); and (iii) an undistillable residue (1-3 5 | on (ii) was further distilled, 
hloromethylene-3-hydroxy-3-phenyl prot yath 2m vy, 15549 
C,,H,ONCI, requires Cl, 31-1 
abo ypionitrile (0-35 g.) was gently boiled th tic acid (2-6 c.c.) and 60% 
hloric acid (0-3 c.c.) for 2-5 hr., and the product worked up in the usual way, giving a-cyano 
yhenylacrylic acid (0-115 g., 45%) which, crystallised ym ethanol—benzene, had m, p, and 
mixed m, p. 181°, Prolonged heating (5 hr.) or use of a higher « entration of perchloric acid 
resulted in diminished yields. 
} 


Hydrolysis by a 10% solution of potassium hydroxide i xing 50% aqueous ethanol 


4.7 
rs 


for 5 hr. gave a viscous oil. 

tvans-Cinnamonitrile gave the same propionitrile (33° iel he identity being established 
by the boiling range, refractive index, analysis (Foun 1,3 ind hydrolysis with acetu 
perchloric acid to a-cyano-$-phenylacrylic acid in approx y the same yield. The weight 
ratio of polymeric material: adduct obtained was higher than with cis-cinnamonitrile, being 
1-5: 16 and 1-7: 1-5 in two experiments in which the dehydrobrominating agents were, 
respectively, potassium acetate in acetic acid, and pot im acetate in 90% ethanol Dehydro 
bromination by methylaniline at 100° for 3 hr. gave on « illation a small yield of a product 
j H | 


which became green. This method was therefore not investigated further. 
The author is indebted to Professor C. K. Ingold, é or a stimulating discussion 
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When cinnamyl phenyl sulphide and chlora r interact the sulphid 
et cannot be isolated, but immediately isomer! to N-1-phenylallyl-N 
phenylthiotoluene-p-sulphonamide, The structur f this isomer follows 
from its alkaline hydrolysis to thiophen /-1-phenylallyltoluene-f 
ulphonamide, identified by reduction to N-1-pheny!propyltoluene-p-sulphon 
Che isomerisation of the sulphidimine is therefore accompanied by 
inversion rhe hydrolysis of several N-aralkyltoluene-p-sulphonamides with 


hydrochloric acid gives toluene-p-sulphonamid: he N whenylethyl com 


mir 
1mnin 


ound yields also styrene and 1-phenylethyl chlorid V-isoPropyltoluene 
sulphonamide is almost unchanged, under compa conditions, but the 
tevt.-butyl derivative gives fert,-butyl chlor: butene, and toluene-p 
Iphonamide. Oxidation of the N-tfert.-butyl compound ves N-tlert.-butyl 
iphamylbenzoic acid, tert.-butylamine, and 2-methyl-2-nitropropane, The 


ianism of these reactions is discussed 


In Parts I and II* it was shown that the ily limines prepared from dially 
ulphide f and either N-chloro-N-sodiotoluene-p-sulphonamide (chloramine-t) or N 


MI 


chloro-4-methyl-3-nitro-N-sodiobenzenesulphonamide undergo taneous isomerisation 


it room mperature, an allyl group migrating to nitroge1 Ihe isomers have 
the structure CH,CH-CH,N(S°CH,CH°CH,)*SO,R  becaus 1 boiling with alkali, 
\H°CH,CH-CHg, diallyl disulphide, hydrogen sulphi and a resin arising from 


[, A Challenger, and Greenwood, /., 1951 i Part II, A 1 Challenger, /., 1952 


pound {t t ; »SIN*SO0,4°C,HMe-t Mann and Pope (/ 
12], 1052) and t! term has been used in Parts Ia I! I nomenclature is lial) 
iene-p-sulp lsulphidis 3 (Editorial Keport t / 2, 6058 
1950, 20; 1951, 1879) for t I ine from diallyl sulphid 
erised product and not j ial, tabl Iphidimine 


ir without loss in 
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acraldekyde are produced With 


formed at once 


N-chloro-N-sodionaphthalene-1-sulphonamide, the 

Allyl benzyl sulphide and chloramine-T give a sulphidimine 

CH,°CH’CH,)S-+>N*SOyC,H,Me which changes immediately at its m. p., or 
t room temperature 


< 


, giving, by migration of the allyl group, the solid isomer 
»*N(S*CH,Ph)-SO,°C,H,Me 
onversion of N-crotyl-N-methylaniline oxide into N-methyl-N-(1l-methy]! 
J 
proceeds with inversion of the crotyl group.’ 


These changes resemble 
rement 


Mumm and Moller * found that crotyl a-phenyliminobenzy! 
| N-l-methylallyl-N-phenylbenzamide (II) at 210°, showing that inversion 

sement had occurred. The corresponding isomer (III) also rearranged 
Ph-C(NPh)-O-CH,-CH:CHMe 


=> Ph-CO-NPh-CHMe’CH:CH, 
(1) 


(If) 
Ph-C(NPh)-O-CHMe-CH:CH, ——t Ph-CO-NPh-CH,CH:CHMe 
(111) 


(IV) 
Uphidimine from cinnamyl phenyl sulphide it might be possible to detect 
sergmann * showed that the isomerisation of 
anate to the isothiocyanate is not accompanied by inversion, though croty! 
found by Mumm and Richter ® to give 1-methylallyl isothiocyanate 
it/ room temperature, inversion having occurred 


ould migration take place. 
Na ifter 


MeCH°CH’-CH,’S‘CN 2» CH, CH’CHMe'N:C’S 


uggested that the steric effect of the phenyl group might be responsible for 
of inversion in the case of cinnamyl thiocyanate. 
hidimine (V) could be isolated from cinnamyl pheny! sulphide and chloramine-1 
acetone at room temperature or at 0°. At room temperature, migration and 
of the cinnamyl group occurred; thu 
CHPh:CH-CHySPh>N-‘SO,C,H,Me ——t> Ph’S*N(CHPh’CH;CH,)SO,’C,H.Me 
vaj 

» product (VI) follows from its decomposition with aqueous sodium 

V thiophenol, diphe nyl disulphid . and N-l phenylallyltoluene p 
nide CHyCH-CHPh*-NH*SO,°C,H,Me (VII) were obtained. The synthesis of 
unide (VII) from toluene-p-sulphonamide and 1l-phenylallyl bromide wa 

le since the action of phosphorus tribromide on 1-phenylallyl alcohol yield 
yl bromide.* It was therefore reduced catalytically to N-1-phenylpropyltoluenc 
imide which was synthesise« 


j 
] 
j 


from 1-phenylpropylamine and toluene-p-sulphony! 
rom toluene-p-sulphonamide, sodium hydroxide, and 
lpropyl bromide yielded only @-methylstyrene; this was also obtained by Errera ? 
n l-phenylpropy! chloride and alcoholic potassium hydroxide. In order further to 
rm the structure of (VII) and the occurrence of inversion during spontaneous isomer! 


ulphidimine, the isomeric N-cinnamyltoluene-p-sulphonamide was prepared 
| bromide, toluene-p 


p-sulphonamide, and alcoholic potassium hydroxide 
yltoluene-p-sulphonamide was obtained as a by-product and was also formed 
innamyl-compound with cinnamyl bromide and alcoholic sodium hydroxide 
umyl derivative was different from N-l-pheny 


| 
‘ 
An atte mpt to prepare it I 


lallyltoluene-p-sulphonamid« 


he structure ff the N-monocinnamyltoluenc i uly honamide and t 
1044, 66, 1929 
1926, 69, 2344; Hi la f en, |. Amer. Chem 
1 Moller, Ber., 1937, 70, 2214 
1935, 1361 
nd Richter, Her., 1040. 73, 843 
ind Gallagher, Bull. S him. France, 1921, 29, 1009 
ia tia, 1886, 16, 323 
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exclude the possibility of a three-carbon isomerisation during the interaction of cinnamyl 
bromide with toluene-p-sulphonamide, the cinnamy! derivative was reduced with hydrogen 
and palladium-charcoal. The product was identical with that obtained from 3-phenyl 
propylamine and toluene-p-sulphonyl chloride. 

Phenyl 1-phenylpropyl sulphide was converted into the sulphone, but the sulphide’s 
reaction with chloramine-T appears to be abnormal! and is under investigation. 

Acid Hydrolysis of Sulphonamides.--Hydrolysis of the various N-aralkyltoluene-p 
sulphonamides might afford further proof of their structure by formation of an amine and 
toluene-p-sulphonic acid, as in the hydrolysis of the N-substituted arenesulphonamides 
obtained in Hinsberg’s process for the separation of amines, in which, however, concentrated 
hydrochloric acid at 150—-170° is usually employed. We found that hot aqueous hydro 
chloric acid (1:1) and N-cinnamyl-, N-1l-phenylallyl-, and N-1-phenylpropyl-toluene-p- 
sulphonamides gave toluene-p-sulphonamide. Odours of the aralkyl chlorides were 
always present. The N-3-phenylpropyl derivative was not hydrolysed by the hot con 
centrated acid. N-Benzyltoluene-p-sulphonamide is completely stable to the boiling 
aqueous acid (1:1), and N-allyltoluene-p-sulphonamide was only very slowly attacked, 
giving unidentified products. The stability of the ally! ren bond was to be expected 
in view of the formation of N-allylssobutylamine from N-allyl-N-isobutyltoluene-p 
sulphonamide and hydrochloric acid at 130° ® and the stability of the similar bond in 
N-allyl-N-allylthiotoluene-p-sulphonamide to hot hydrochloric acid.” 

There are very few recorded instances of the elimination of a sulphonamide on hydrolysis 
of a N-substituted derivative: (1) arenesulphony!] derivatives of S-alkylisothioureas give 
the arenesulphonamide and alkanethiol with strong acids; !" (2) tritoluene-p-sulphonyl 
melamine gives cyanuric acid and toluene-p-sulphonamide with ethanolic hydrogen chloride, 
though hot sulphuric acid gives melamine and the sulphonic acid; !* (3) N-phenyl-N-vinyl 
toluene-/-sulphonamide with 50°, sulphuric acid gives N-phenyltoluene-p-sulphonamide 
and acetaldehyde." The first two cases are not closely related to the abnormal hydrolyses 
examined by us, and the third probably involves the hydration of the vinyl group, giving 
an unstable l-hydroxyethylamino-grouping. 

The fission of the N-C bond by acid, in the cases of N-cinnamyl- and N-1-phenylallyl- 
toluene-p-sulphonamides is probably associated with the relatively high stability of the 
aralkenyl groups as mesomeric carbonium ions.’* If the first step in acid hydrolysis of 
sulphonamides is a protonisation of the nitrogen atom, the resulting ammonium ion might 
decompose by the splitting off of such a carbonium ion, rather than by separation of the 
arenesulphonyl cation, which presumably occurs, under more vigorous conditions, during 
normal hydrolysis : 


normal 


Ht + 
Ar‘SOyNHR —— Ar’SO,"NH,R & Ar’SO,OH + R‘NH, + H' 


H,O 


‘ 
ee 


Ar‘SO,-NH, + R’ 


' ; 

The carbonium ion, PheCH°CH-CH, <<» Ph-CH-CH°C! come stabilised either 

by capture of a chlorine ion, giving cinnamyl chloride, o1 jection of a proton, giving 
phenylallene; in either case, cationic polymerisation ma 

The abnormal hydrolysis of N-1-phenylpropyltoluene-p-sulphonamide (see above) i 

explicable on similar lines, since there is evid { phenylalkyl groups have 

considerable stability as cations.4% To confirm w, N-1-phenylethyltoluene-p 

ulphonamide was boiled with aqueous (1 : 1) hydroch! As expected, the product 

were toluene-p-sulphonamide, 1-phenylethy] chloride, and styren When hydrolysis wa 


* Wedekind, Ber., 1909, 42, 3941 

* Ash, Challenger, and Greenwood, J., 1951, 1877 

© Bergmann, Israclashvili, and Weinberg, |. Amer. C/ 
‘+ Kurzer and Powell, /., 1953, 2536 

4® Clemo and Perkin, /., 1924, 125, 1808 


Ingold, ‘‘ Structure and Mechanism in Organi 
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effected with phosphoric acid at 100°, the products were toluene-p-sulphonamide and an 
oily mixture of distyrene and higher polymers which was almost identical with the mixture 
of liquid polymers obtained from styrene and phosphoric acid and from styrene and 
ulphuric acid, 

Ingold #® points out that the stability of the l-phenylethyl cation is comparable with 
that of trialkylmethyl cations. Hickinbottom’s results!’ are relevant. He found that 
N -tert.-butyl-N-phenyltoluene-p-sulphonamide with 15n-sulphuric at 135—145° gave 
N-phenyltoluene-p-sulphonamide in 85% yield. N-tert.-Butyl-, N-tert.-pentyl-, and 
N -tert.-hexy]-anilines with strong acids at 110—145° slowly gave low yields of aniline. 

The hydrolysis of N-tert.-butyltoluene-p-sulphonamide might therefore be expected to be 
abnormal and to give toluene-p-sulphonamide and reaction products of the ¢ert.-butyl cation 
We obtained the arenesulphonamide, tert.-buty] chloride, and isobutene. If the tert.-buty] 
chloride is continuously removed, little isobutene is produced, suggesting that the chloride 
is the primary product. In contrast, N-sopropyltcluene-p-sulphonamide was recovered 
in high yield after prolonged boiling with hydrochloric acid 

N -tert.-Butyltoluene-p-sulphonamide is almost insoluble in hot dilute alkali, in contrast 
with the solubility in cold alkali of most N-monoalkyl-sulphonamides, including the 
N-isopropy! compound, In this respect the N-tert.-butyl compound resembles N-benzy] 
benzenesulphonamide and N-benzyltoluene-p-sulphonamide.'* N-1-Phenylethyl-, N 
cinnamyl-, N-l-phenylallyl-, and N-1l-phenylpropyl-toluene-p-sulphonamide dissolve in 
hot aqueous sodium hydroxide, but separate again when the solution is cooled. 

Oxidation of Sulphonamides.—In Part II it was shown that N-allyltoluene-p-sulphon- 
amide is oxidised by excess of boiling alkaline permanganate to /-sulphamylbenzoic acid. 
Chis acid is also obtained with toluene-p-sulphonamide when the corresponding N-methy] 
and N-ethyl derivatives are similarly oxidised. We are aware of only one other recorded 
oxidative dealkylation of N-alkylsulphonamides. Verkade found that N-o-methoxy- 

henyl-N-methyltoluene-p-sulphonamide gives N-2-methoxy-4-nitrophenyltoluene-p 
ulphonamide with 10%, nitric acid at 80°. Under milder conditions, however, the N- 
methyl-sulphonamido-group is not attacked. Remsen and Clark *° prepared o-carboxy-N- 
methylbenzenesulphonamide from N-methyltoluene-o-sulphonamide and alkaline perman- 
ganate below 10°. Oxidative dealkylation of amines by permanganate has, however, 
been observed with tropine and scopoline,*! and with dibutylamine.** 

rhe oxidation of primary and secondary amines probably involves a preliminary 
dehydrogenation to the imine. This has been isolated from benzylaniline and its 

ubstitution products #4 and aminofluorene.™ Usually, however, a carbonyl derivative is 
produced, presumably by hydrolysis of the imine.***® We have detected acetone, 
p-sulphamylbenzoic acid, and toluene-p-sulphonamide on permanganate oxidation of 
N-isopropyltoluene-p-sulphonamide in either neutral or alkaline solution. With limited 
quantities of permanganate, oxidation of the methyl group of the toluene-p-sulphony] 
residue and of the N-alkyl group occurs simultaneously. Such dealkylations do not require 
the presence of a hydrogen atom on the nitrogen since N N-dimethyltoluene-p-sulphonamide 
is readily dealkylated by alkaline permanganate, giving ~-sulphamylbenzoic acid. This 
reaction may be compared with the easy oxidation of tertiary amines. 

Vorlinder 2? and Goldschmidt and Beuschel™ found that fert.-butylamine, which 
contains no hydrogen on the a-carbon atom, was not oxidised by permanganate under 

Dumontet, Compt. rend., 1952, 234, 1173 
iand Gauvin, Canad. |. Res., 1936, 14, B, 255 
igold, op. cit., ref. 13, pp. 316, 325 
ickinbottom, /., 1933, 1070 
Bickford, and Hurwitz, /. Amer. Chem. Soc., 1927, 49, 2013 
Ree. Trav. chim., 1948, 67, 241 
isen and Clark, Amer. Chem. ]., 1903, 30, 281 
uben-Weyl, ‘‘ Die Methoden der Organischen Chemie,”’ Thieme, Leipzig, 1925, Vol. II, p 
irnow and Shklyaruk, J. Gen. Chem., U.S.S.R., 1950, 20, 331 (Chem. Abs., 1950, 44, 3689 
21, p. 96 
asiat aint Beuschel, Annalen, 1926, 447, 197 
Walla and Claisen, Ber., 1875, 8, 1237. 
‘6 Goldschmidt and Voeth, Arnmnalen, 1924, 435, 265. 
\ ler, ibid., 1906, 345, 251. 
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conditions where other amines were rapidly oxidised. The behaviour of N-tert.-butyl- 
toluene-p-sulphonamide towards alkaline permanganate was therefore examined. Under 
conditions (A) where other N-alkyltoluene-p-sulphonamides give approximately 50% 
yields of p-sulphamylbenzoic acid, the N-¢ert.-butyl compound gave in 68% yield N-tert.- 
butyl-p-sulphamylbenzoic acid free from any other sulphonamide or carboxylic acid. 
The minor products of the permanganate oxidation (A) were tert.-butylamine and 2-methyl 
2-nitropropane. These compounds were also obtained with oxalic acid on prolonged 
oxidation (B) of N-tert.-butyl-p-sulphamylbenzoic acid. The nitro-compound was 
identical with a specimen prepared by permanganate oxidation of fert,-butylamine.** The 
2-methyl-2-nitropropane produced in reactions (A) and (B) presumably arises by the same 
oxidation. It is, however, unlikely that ¢ert.-butylamine is formed by simple alkaline 
hydroly sis of its toluene p sulphonyl or p carboxybenzenesulphonyl derivatives because 
these compounds were almost completely unaffected by boiling 2N-sodium hydroxide,” 

A second possible mechanism for reactions (A) and (2) would involve oxidation of the 
sulphonamide to a hydroxylamine derivative, p-CO,H-C,H,5O,°N(OH)Bu*. Such com 
pounds are hydrolysed by alkali to a nitroso-compound and a sulphinic acid thus ; *° 
Ph-SO,*N(OH)Ph -+- NaOH = Ph°SO,Na + Ph-NO -+- H,O. The nitro-compound could 
presumably arise by oxidation of the nitroso-derivative, but this mechanism does not 
explain the formation of the amine which is also produced in reactions (A) and (B) 
Furthermore, the sulphinic acid should yield the sulphonic acid on further oxidation ; 
p-suiphobenzoic acid could not be detected. Finally, the attachment of oxygen to amine 
nitrogen is particularly facilitated by such reagents as Caro’s acid, benzoyl peroxide, and 
hydrogen peroxide.**. 3! N-tert.-Butyl-p-sulphamylbenzoic acid was unchanged after 
treatment with neutral sodium monopersulphate, ethereal monoperphthalic acid, hydrogen 
peroxide in acetic acid or in sodium hydroxide, or sodium peroxide. Caro’s acid at 40 
gave p-sulphamylbenzoic acid. The intermediate formation of a hydroxylamine derivativs 
is therefore unlikely. 

Probably, oxidative degradation of the aromatic ring gives oxalic acid (which was 
detected) and fert.-butylsulphamic acid. The literature contains very little clear inform 
ation concerning the alkaline hydrolysis of N-alkylsulphamic acids. There is, however, 
some evidence that electron access to the nitrogen atom facilitates hydrolytic fission of the 
N-S link, phenylsulphamic acid being stable to hot strong alkali whereas the p-ethoxy 
phenyl compound readily gives p-phenetidine.* fert.-Butylsulphamic acid might therefore, 
under the conditions of our experiments, give tert.-butylamine and sulphate, both of which 
were detected. The amine would then yield 2-methyl-2-nitropropane on oxidation 
The high consumption of permanganate (24 equiv. per mole) during the oxidation is also 
consistent with this assumption. Formation of oxalic acid and the other product 
mentioned above requires 26 equiv. Under identical conditions p-sulphamylbenzoic acid 
is slowly oxidised, giving oxalic acid and sulphat« 

Analogy with N-tert.-butyltoluene-p-sulphonamide would suggest that toluene-p 
sulphonanilide would be oxidised to p-carboxybenzenesulphonanilide and oxidation 
products of aniline. However, when an excess of 6°, neutral or alkaline permanganate is 
used, the main product is p-sulphamylbenzoic acid, and we have not been able to detect 
nitrobenzene. With a limited quantity of 3°, neutral (MgSO,) permanganate, toluene-p 
sulphonamide can be isolated, as reported by Troeger and Uhlmann.* These products 
must be formed by oxidative degradation of the N-phenyl ring. This degradation occurs 
far more rapidly with the sulphonanilide than with acetanilide 

No decision has yet been reached regarding the mechanism of oxidation of amines by 
alkaline permanganate. Drummond and Waters™ consider that the first step is th 
removal of a single electron from the amine by the MnO,” ion and that attack occurs 

#8 Kornblum and Clutter, J. Amer. Chem. Soc., 1954, 76, 4494 

*® See also Sidgwick, ‘‘ Organic Chemistry of Nitrogen,’’ Univ. Press, Oxford, 1937, p. 167, 

* Piloty, Ber., 1896, 29, 1559; Angeli, Angelico, and Seurti, Chem. Zentr., 1902, II, 691. 

t Ref. 29, p. 25 

’ Audrieth et al., Chem, Rev., 1940, 26, 68; Weil and Moser, Ber., 1922, 55, 732 

** Troeger and Uhlmann, /. prakt. Chem., 1895, §1, 435 

* Drummond and Waters, /., 1953, 435 
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vicinally to the nitrogen atom. Horner and Betzel *® suggest that oxidation of tertiary 
amines by benzoy! peroxide also involves extraction of a single electron from the substrate, 
by means of a free radical. They suggest that this electron is removed from the unshared 
pair of the nitrogen atom and put forward the following scheme which might also apply 
to oxidation of tertiary amines or N-dialkylsulphonamides by permanganate (X- is a free 
radical) 


CHR,’NR, + X- —— [CHR,NR,]* X> 


Cry NR, <«— Cr,NR, + HX 


i 


H,O 
CXRy‘NR, ——> COR, + NHR, + HX 


A slightly modified scheme could be suggested for oxidation of primary and secondary 
amines and of N-monoalkyl-sulphonamides. However, this mechanism would appea 
inapplicable to the oxidation of N-tert.-butyltoluene-p-sulphonamide. Removal of ov 
electron from the nitrogen would give the radical-ion [RSO,-NH-CMe,|*, which might be 
expected to lose a proton giving RSO,*N’CMe,. This free radical would then presumably 
dimerise to give the tetrasubstituted hydrazine RSO,*N(CMe,)*N(CMe,)-SO,R.™ *® The 
oxidation products observed by us could hardly arise from further oxidation of such a 
hydrazine. To this extent our results support the conclusions of Drummond and Waters.™ 


EXPERIMENTAL 


Preparation of Cinnamyl Phenyl Sulphide.—Cinnamyl bromide was prepared by a modifi 
ation of Bouis’s method * which yielded a purer product. Cinnamyl alcohol is added to 
phosphorus tribromide and pyridine in an ice-bath, and the cinnamyl bromide separated from 
phosphorus compounds by ether extraction followed by distillation; it had b. p. 127 
129°/12 mm. (yield 74%). The method described by Tarbell and McCall *’ for the preparation 
of similar sulphides was then employed, ‘Thiophenol (28-8 g.) was stirred into ethanolic sodium 
ethoxide [from sodium (6 g.) and ethanol (125 c.c.)]. Cinnamyl bromide (51-5 g.) was added 
slowly so as to keep the mixture warm but to avoid refluxing. After 3 hours’ stirring the 
mixture was added to water (800 c.c.), and the precipitate crystallised from ethanol. It had 
m, p. 78°5° (yield, 47-2 g., 80%) (Found: C, 79-25, 79-25; H, 6-35, 6-15; S, 13-95, 14-15. Calc. 
for C,,H,,S: C, 79-65; H, 6-2; S, 14:15%). Barnard and Hargrave * prepared cinnamyl 
phenyl sulphide brit gave no experimental details. Their sample had m. p. and mixed m., p. with 
the above specimen, 78°. 

Dr. R. W. Saville, of the British Rubber Producers’ Research Association, has 
determined the infrared spectrum of Barnard’s sample and reports that: ‘‘ The spectrum 
shows a band at 960 cm.* indicating unsaturation of the type tvans-R-CH:CHR. The band 
is not affected by conjugation, stilbene and other compounds with this type of unsaturation 
all showing the 960 cm.“ band. Vinylidene unsaturation CH,=C; is indicated by a band at 
890 cm.* and this band is not present in this case, Although, here, conjugation may alter the 
position of the 890 cm." band, it could not become as high as 960 cm.', It appears that none 
of the isomer CH,-CH-CHPh’SPh is present, infrared evidence thus favouring the structure 
Ph*CH{CH’CH,’SPh.” See also Bellamy.*® 

Cinnamyl Phenyl Sulphone.—Cinnamyl phenyl sulphide (2-5 g.) was dissolved in warm 
glacial acetic acid (40 c.c.). Hydrogen peroxide (30%; 1-6 c.c.) was then added, and the 
mixture gently warmed to keep the sulphide in solution, left at room temperature for 24 hr., 
and then poured into water (100 c.c.). Extraction with chloroform and washing with aqueous 


* Horner and Betzel, Annalen, 1953, §79, 175 
souls, Bull. Soc. chim. France, 1927, 41, 1160 
Tarbell and McCall, J. Amer. Chem. Soc., 1952, 74, 48 
Barnard and Hargrave, Analyt, Chim. Acta, 1961, §, 543 
Bellamy, “ Infra-Red Spectra of Complex Molecules,” Methuen, London, 1954, p. 31. 
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sodium hydrogen carbonate and crystallisation from light petroleum containing 5% of chloro- 
form yielded needles, m. p. 115° (Found: C, 70:2; H, 5-2; S, 12-4. Cale. for C,,H,,0,S: 
C, 69-8; H, 5-4; S, 124%). Barnard “ gives the m. p. of the sulphone as 112—-112-5°. 

Cinnamyl Phenyl Sulphide and Chloramine-t : Attempted Preparation of a Sulphidimine. 
This reaction was carried out under various conditions: (1) in water alone, (2) in acetone 
containing different proportions of water at room temperature and at 0°, and (3) in boiling 
alcohol for 1 hr.; the yield of product was then very low. ‘The best yield was obtained as follows : 
The sulphide (8 g.) in acetone (130 c.c.) was treated with chloramine-t (16 g.) in water (30c.c.), and 
the mixture shaken for 1 hr. and poured into water (400 c.« Che resulting white solid was 
separated, washed with water to remove chloramine-r, and with dilute sodium hydroxide to 
remove toluene-p-sulphonamide and finally with water. It was then dried and recrystallised 
from alcohol to constant m, p. 88° [yield 10-4 g., 71-5% calculated as the sulphidimine (V)}. 
The m. p. was unchanged after the substance had been kept for several months or recrystallised 
from a different solvent, or when kept at its m. p. for 3 hr, [Found: C, 66-6; H, 5-3; N, 3-5; 
S, 16-0%; M (camphor), 315. C,.H,,O,NS, requires C, 66-85; H, 5-3; N, 3-55; S, 162%; 
M, 395). 

When the sulphide and chloramine-t were stirred for 3 hr. at — 10°, samples of solid removed 
at intervals and freed from toluene-p-sulphonamide with sodium hydroxide contained much 
unchanged sulphide. 

Reactions of N-1-Phenylallyl-N-phenylthiotoluene-p-sulphonamide (V1), m. p, 88°.—(1) With 
hydrochloric acid. The compound (2 g.) was refluxed with the concentrated acid (25 c.c.) for 
1} hr., giving a yellow oil and a strong odour of cinnamy! chloride. On cooling, an oil (A) and 
a crystalline solid separated. After being washed with benzene the crystals melted at 138° 
alone or in admixture with toluene-p-sulphonamide, m. p. 138°. The benzene yielded an oil 
which gave an odour of benzaldehyde with hot acidified potassium permanganate. ‘The oil (A) 
was washed with alkali, shaken with ether, and the extract washed with water and evaporated ; 
the residue did not distil below 160°/22 mm. (cinnamy! chloride boils at 98°/18 mm.), The oil 
contained much chlorine and some nitrogen and sulphur and was probably mainly a polymer of 
cinnamy]! chloride. 

(2) With sodium hydroxide. The compound (VI) (2 g.) was refluxed for 2 hr. with aqueous 
25% sodium hydroxide (10 c.c.), giving an oil which solidified on cooling. Several recrystallis- 
ations from aqueous methanol (1 : 1) gave crystals, m. p. 103°, of the sulphonamide (VII) (Found : 
C, 67-15; H, 5-95; N, 5-1; S, 11-1. CygH,,O,NS requires C, 66-9; H, 5-9; N, 4-9; S, 11-16%). 

The alkaline solution had an odour of thiophenol. Acidification gave an oil and intensified 
the odour. Lead acetate paper turned yellow, and a drop of mercuric cyanide gave a white 
precipitate when exposed to the vapour. Hydrogen sulphide was absent. The acid solution 
when kept for 24 hr. deposited a solid (0-2 g.) which after recrystallisation from ethanol had 
m. p. 62° alone and when mixed with authentic diphenyl! disulphide. 

(3) Oxidation of the toluene-p-sulphonamide (V1) with alkaline potassium permanganate. The 
compound (VI) (3 g.) was refluxed with water (15 c.c.), potassium permanganate (14 g.), and 
potassium carbonate (4 g.). The odour of benzaldehyde was detected. When no further 
reduction occurred, sulphur dioxide was passed in; the clear liquid contained some suspended 
solid (S) which was mainly diphenyl disulphide, m. p. and mixed m. p. 60°. Acidification of 
the filtrate gave a white solid, m. p. 280-——283° (decomp.). The m. p. of p-sulphamylbenzoic 
acid is given in the literature as 280—281° (decomp One of us (P. A. B.) finds that crystallis 
ation raises the m. p. to 292-—293° (see p. 1766). In a second experiment steam distillation of 
the solid (S) yielded benzoic acid, m. p. and mixed m. p. 119-—122°. 

(4) Reduction of the toluene-p-sulphonamide (V1), with zinc and hydrochloric acid. ‘The 
compound (VI) (1 g.) was mixed with successive quantities of zinc dust and the acid, a strong 
odour of thiophenol being produced. Solids were then separated and extracted with ether, 
yielding a white solid, m. p. 103—104° after recrystallisation from aqueous alcohol. An 
admixture with N-1-phenylallyltoluene-p-sulphonamide, m. p. 103°, had the same m. p. The 
m. p. of the N-cinnamyl-sulphonamide, m. p. 110°, was depressed to 80—90°. Reduction of 
compound (VI) (3 g.) with palladium gave an odour of thiophenol, much unchanged material, and 
a mixture which appeared to contain a small amount of N-1-phenylallyltoluene-p-sulphonamide. 

Reactions of N-1-Phenylallyltoluene-p-sulphonamide.—Hydrolysis with hot 2n-sulphuric 
acid yielded a small amount of toluene-p-sulphonamide (m. p, and mixed m. p.); 1 g. of (VII) 
was boiled with syrupy phosphoric acid (1 c.c.) in diethylene glycol (2 ¢.c.) for 2 min., and the 
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product cooled, acidified with hydrochloric acid, and filtered, giving toluene-p-sulphonamide, 
m. p. and mixed m. p. 138°. The acid filtrate when made alkaline and extracted with ether did 
not yield amine. The N-1l-phenylallyl compound was recovered unchanged after treatment in 
aqueous alcoholic suspension with sodium amalgam. 

Hydrogenation of N-1-Phenylallyltoluene-p-sulphonamide with 5%, Palladium—Charcoal,—The 
compound (VII) (2 g.) in ethanol (60 c.c.) with the catalyst (4-5 g.) absorbed 170 c.c. of hydrogen 
in 10 min. (Cale, for C,,H,,O,NS| 160 c.c.). Separation of the catalyst and concentration 

ive N-1-phenylpropyltoluene-p-sulphonamide, m. p. 108° after repeated crystallisation from 
queous ¢ thanol 
rhe m. p. of a mixture with the phenylallyl compound (m. p. 103°) was 96—100° (Found 
H, 6-1. CygHO,NS requires C, 66-4; H, 6-65; N, 4°85; S, 11-05%). 
of N-1-Phenylpropyltoluene-p sulphonamide.—-Propiophenone oxime, m, p. 54 
54°), was reduced with sodium and alcohol to 1-phenylpropylamine, b. p. 
Billon® gives 100-—-105°/35 mm. The benzoyl derivative and the hydro 
at 116—-117° and 192°, respectively (lit. 1156—116° and 194°) rhe base (2:8 g 
ended in aqueous sodium hydroxide (50 c.c.), was added to toluene-p-sulphonyl chloride 
in the minimum quantity of acetone. The mixture was shaken for 10 min., the emulsion 
the filtrate acidified and shaken. The precipitate (5-7 g., m. p. 103°) was 
| (aqueous ethanol) to m, p, 106—-107° (Found: C, 66-45; H, 6-35 N, 5-15; S, 
rhe mixed m. p. with the product (m. p. 108°) of the previous experiment was 106 
ittempt to prepare this compound by refluxing toluene-p-sulphonamide (8-6 g.) and 
yl bromide (10 g.) in alcohol with alcoholic sodium hydroxide (2 g. in 80 c.c.) for 
%-methylstyrene (b. p. 84-—86°/25 mm.; lit. 76—78°/19 mm.) and unchanged 


of N-1-Phenylpropyltoluene-p-sulphonamide.—The sulphonamide (0-5 g.) wi 
drochloric acid (60 c.c.) for 10 hr. A strong odour resembling that of I 
| bromide was produced, and on cooling, toluene-p-sulphonamide (0-1 g.; m. p 
m. p. 136—138°) separated. The acid, when freed from oil, concentrated and made 
ive no odour of an amine Repetition of this experiment for 6 hr. with 1-5 g. of 
ulphonamide gave the same result; some unchanged material was recovered, and amine 

not detected 

Hydrogenation of N-Cinnamyltoluene-p-sulphonamide The N-cinnamyl compound (2 g.) in 
ethanol (50 c.c.) in presence of palladium—charcoal catalyst (4 g.) absorbed 170 c.c, of hydrogen 
Cale, 160 c.c.) rhe filtered and evaporated solution left a solid, m. p. 66—67° [after 
tallisation from aqueous methanol (1: 1)] (Found: C, 66-2; H, 6-5; N, 4:75; S, 11-15. 
Cale. for C,gH,,0O,NS: C, 66-4; H, 6-65; N, 4:85; S, 11-1%) rhe mixed m. p. with an 

authentic sample of N-3-phenylpropyltoluene-p-sulphonamide, m. p. 66-—67°, was the same 
Synth if N-3-Phenylpropyltoluene-p-sulphonamide.-3-Phenylpropylamine was prepared 
by Tafel’s method.“ About 0-5 g. was mixed with dilute sodium hydroxide (5 c.c.), and the 
mixture added to toluene-p-sulphonyl chloride in the minimum of acetone and shaken. After 
30 min., hydrochloric acid (5 c.c.) was added to the emulsion. A brown oil separated which 
soon solidified to needles, m, p. 66--67° [after recrystallisation from aqueous methanol (1 : 1)). 
Coke and Mcklvain ® give m. p. 65-5 Che amide (0-4 g., prepared by hydrogenation, see 
ibove) v boiled with hydrochloric acid (20 c.c.) for 4 hr. Most of it was unchanged, and 


toluene-p-sulphonamide was not obtained 
} and NN-Di-cinnamyltoluene-p-sulphonamides rhe following method is based on 
Montmollin and Matile “ for the preparation of the mono- and di-2-8-naphthyloxy 
itives of toluene-p-sulphonamide, Cinnamyl bromide (5-9 g., 0-05 mole) and toluene 
ulphonamide (8-6 g., 0-05 mole) in alcohol (60 c.c.) were treated with a solution of potassium 


lroxide (2-9 ¢., 0-05 mole) in alcohol (25 c.c.) containing a few drops of water. The mixture 
i ) 4 


refluxed for 6 hr., the solvent removed, and water (100 c.c.) added. The resulting oily 

lid was washed with ether and shown to be unchanged sulphonamide The ether was shaken 
with alkali to remove toluene-p-sulphonamide, then with water, and dried, yielding a yellow oil 
vhich was dissolved in methanol. Needles of NN-dicinnamyl compound separated, 

05° (after recrystallisation from methanol) (Found: C, 74-45; H, 6-2; N, 4°65; S, 8-65. 


»,0oNS requires C, 74:45; H, 6-2; N, 4:65; S, 79%). Concentration of the methanol 


llon, Compt, rend,, 1926, 182, 472 
afel, Ber., 1886, 19, 1930 

and McElvain J lmer. Chew Soc., 1931, 58, 1589 
Montmollin and Matile, Helv. Chim. Acta, 1929, 12, 871 
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mother-liquors gave the mono-derivative, m. p. 110° (after recrystallisation from acetone-—light 
petroleum) (Found: C, 66-8; H, 6-2; N, 4-65; S, 11-3. (C,,H,,O,NS requires C, 66-9; H, 
5-9; N, 4-9; S, 11-15%). 
Conversion of the mono- into the di-cinnamyl derivative rhe monocinnamyl compound 
0-9 g.) was warmed with sodium hydroxide (0-18 g.) in ethanol (20 c.c.), cinnamyl bromide 
3 g.) added, and the mixture refluxed for 3 h1 Che solid which separated on cooling was 
washed with water. Recrystallisation from methanol gave the dicinnamyl compound,.m. p 
and mixed m, p, 92—95°. 

Neither compound gave any odour with cold acidified potassium permanganate but, when 
warmed, benzaldehyde was detected in both cases rhe di-derivative was insoluble in aqueous 
sodium hydroxide, hot or cold; the mono-derivative was insoluble in the cold but dissolved on 
being warmed and separated again on cooling. The monocinnamyl derivative (1 g.), when 
boiled for 7 hr. with diluted hydrochloric acid (1 : 1, 30 ¢.c.), gave an odour of cinnamyl chloride, 
and a deposit of toluene-p-sulphonamide on cooling. A black resin was also produced but the 
acid solution gave no amine odour when made alkaline 

Phenyl 1-Pkenylpropyl Sulphide.—-Thiophenol (2-9 g.) was added to a solution of sodium 
ethoxide [from sodium (0-6 g.) and ethanol (30 c.c.)|, the mixture warmed, and 1-phenylpropyl 
bromide (5-75 g.) slowly added. After refluxing for 3 hr. the mixture was poured into water 
500 c.c.), excess of alcohol removed, and the suspended oil extracted with ether and dried 
(Na,SO, Che sulphide distilled at 186—-187°/25 mm., lidified on cooling, and after 
crystallisation from aqueous ethanol (1:1) formed needles, m. p. 42° (Found; C, 79-05; H, 
7-0; S, 13-8. C,;H,,5 requires C, 78-9; H, 7-1; 5S, 14-05° 

Phenyl 1-Phenylpropyl Sulphone.—The sulphide (0-2 g.) in the minimum of glacial acetic acid 
was treated with 3°, aqueous potassium permanganate in slight excess, sulphur dioxide passed 
in, and the colourless solution poured into water (100 c.« rhe resulting white sulphone (m. p. 
94—97°) crystallised from ethanol in needles, m. p. 101° (Found: C, 68-95; H, 6-2; S, 12-4 
C,5H,,.0,5 requires C, 69-2; H, 6-2; S, 12-3%). 

Attempted Preparation of S-Phenyl-S-1-phenylpropyl-N -toluene-p-sulphonylsulphidimine 
Phenyl 1-phenylpropyl sulphide (3 g.) in acetone (30 c.c.) and chloramine-T (6 g.) in water 
(50 c.c.) were shaken together for 1 hr. and poured into water (250 c.c.). Evaporation of 
acetone left a wax which, after being washed with sodium hydroxide and then with water, had 
m. p. 99—111°; after repeated crystallisation from acetone-light petroleum the m. p. was 
finally raised to 116—-117° (Found: C, 56-85; H, 460; N, 3-6; S, 23-05. C,,H,,0O,NS, 
requires C, 55-9; H, 4:7; N, 5-0; S, 22-95%). The N-phenylihio-compound will be studied in 
detail later. The aqueous filtrate from this reaction was extracted with ether, the resulting 
solid added to that from the mother-liquors of the compound, m. p. 116—-117°, and the whole 
dissolved in acetone and shaken for 2 hr. with more chloramine-t in 20 c.c. of water. Distil 
lation of the acetone left a solid which, after removal of toluene-p-sulphonamide with dilute 
sodium hydroxide, had m. p. 96—98° (0-1 g.). 

The alkaline washings and the filtrates from the two treatments with chloramine-t were 
united and concentrated. A white solid (1-0 g.) separated ; it had m. p. 228—229° after crystallis 
ation from ethanol. A mixed m. p. with the sodium salt of S-phenyltoluene-p-sulphonamido 
sulphinetoluene-p-sulphonylimine, m, p. 231°, prepared by Clarke, Kenyon, and Phillips's 
method;™ was 228—229 Acidification gave the corresponding acid which was impure (m, p. 
96—1506°) after one crystallisation from alcohol (see below Acidification of the alkaline 
filtrate from the salt of m. p. 228—-229° gave toluene-p-sulphonamide 

Examination of the Residues from the Interaction of Chloramine-t and Cinnamyl Phenyl 
Sulphide \fter the identification of the compound (V1), m. p. 88°, arising from this reaction 
see p. 1761) as N-1-phenylallyl-N-phenylthiotoluene-p-sulphonamide the aqueous acetone 
liquors were combined with the alkaline washings from the solid of m. p. 88° and concentrated 
to about two-thirds of their volume in an open dish on the steam-bath \ brown colour quickly 
developed and traces of solid formed. The alkaline solution on extraction with ether 
vielded a brown oil with a strong odour of cinnamaldehyde and white crystals. The crystals 
were drained and washed with ethanol. They melted at 102—-103° alone and in admixture with 
N-1-phenylallyltoluene-p-sulphonamide, m. p. 103 rhe alkaline solution (S) was acidified 
with hydrochloric acid, and odours of cinnamyl chloride and thiophenol were detected, 
Extraction with ether yielded a brown solid which dissolved almost completely in warm dilute 
sodium hydroxide, but was mostly deposited on cooling ; after two crystallisations from acetone 
light petroleum it had 228—230° alone and in admixture with the sodium salt, m. p, 231° (see 
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above \cidification of the alkaline extract gave a slight odour of thiophenol and a precipitate 
of toluene-p-sulphonamide, m. p. and mixed m. p. 137°. 
N-tert.-Butyltoluene-p-sulphonamid Toluene-p-sulphonyl chloride (57-2 g., 0-3 mole) in 
70 c.c.) was added during 25 min. to a stirred solution of fert.-butylamine (21-9 g., 
pyridine (25 c.c.). The temperature was kept at 35—40°. After 30 min. on the 
th, followed by addition of ice, the mixture was diluted to 1200 c.c. with water, and 
precipitated solid was washed with dilute hydrochloric acid and water. Two crystallis 
ns fi queous ethanol (1: 1) (charcoal) gave short white needles, sintering at 111°, 
Found: C, 68-1; H, 7-3; N, 62; S, 141. C,,H,,O,NS requires C, 58-1; H, 7-5; 
141%) Lhe sulphonamide is sparingly soluble (less than 2%) in boiling 2n-sodium 
but soluble in a cold ethanol—water (5 : 3) solution of sodium hydroxide, 
of N-tert.-butyltoluene-p-sulphonamide, (1) Aqueous hydrochloric acid (1: 1; 
nd the sulphonamide (12-0 g.) were refluxed, and volatile matter escaping from the 
wled condenser was collected in a trap cooled in methanol—solid carbon dioxide. The 
( quickly melted, and after 10 min, the gases escaping from the condenser 
| bromine in carbon tetrachloride, indicating the presence of tsobutene. After about 
p. about 50° (presumably fert.-butyl chloride), began to reflux, and a solid 
ter 6 hr. the solid had mostly redissolved and oil had almost ceased to reflux. On 
irough a lagged 6-in. Vigreux column no arrest in temperature rise was detected 
ityl chloride) or at 80° (tert.-butanol—water), steady distillation first occurring at 
ing cooled and made alkaline, a clear solution was obtained (indicating the absence 
ulphonamide). Acidification then precipitated toluene-p-sulphonamide (7-55 g., 
835%, yield), m. p. and mixed m. p. 137—-137-5° after recrystallisation from water. 

Che trap contained 2 c.c. of material liquid at —78° (isobutene melts at —140°). This was 
treated with sulphuric acid (1:1; 20 c.c.) at 78°, and the trap closed and shaken at — 10° for 
3 ht ‘ ut 0-3 c.c. of oil remained. This had a strong odour of tert.-butyl chloride, did not 
decolo bromine in carbon tetrachloride, and solidified at 78°. The acid layer was 

lowly added to stirred ice-cold sodium hydroxide (25 g.) in water (50 c.c.).” 
of the alkaline liquid gave 2 c.c. of material, b. p. 80-—83° (the tert.-butanol—water 
p. 80°, containing 70% of butanol). Treatment of the distillate with anhydrous 
im carbonate gave tert,-butanol (1 g.) (p-nitrobenzoyl ester, m. p. and mixed m, p, 115 
3: 6-dinitrobenzoyl ester, m. p. and mixed m. p. 140-5—141-5°). 
periment (1) was repeated under different conditions. The sulphonamide (22-7 g. ; 
0:1 mole) and hydrochloric acid (1:1; 1265 c.c.) were refluxed under a partial condenser with a 
cooling tube containing ethyl formate (b. p. 54°). Uncondensed material was passed successively 
through two traps at 0° and —78°. Steady distillation at 47° tasted for 20 min. After 50 min. 
the colourk liquid in the first trap was removed (7-8 g.), dried (CaSO,), and distilled; b. p. 
50-—B51 ome dissolved isobutene escaped during the distillation. The liquid, b. p. 50—51°, 
is characterised as fert.-butyl chloride (yield 84-5%) by formation of its Grignard compound 
and reaction with «-naphthyl isocyanate giving N-trimethylacetyl-l-naphthylamine, m. p. and 
mixed m. p. 147-6 rhe second trap 78°) contained 0-2 c,c. of liquid, presumably zsobutene. 
With sulphuric acid and allcali as in (1) an odour of ¢fert.-butanol was produced. From the 
original acid reaction mixture toluene-p-sulphonamide (17-1 g.) was obtained in quantitative 
p. and mixed m. p. 136-5--137-5 The acid had a faint odour of tert.-butanol but 
obtained on distillation before or after neutralisation. 
yltoluene-p-sulphonamide (0-1 g.; m. p. 114—115°; Chattaway ” gives m. p. 115°) 
unchanged when refluxed with diluted hydrochloric acid (1:1; 4 c.c.) for 5 hr. 
N-1-Phenylethyltoluene-p-sulphonamide.—-Toluene-p-sulphonyl chloride (19-1 g.; 9-1 mole) 
in pyridine (30 c.c.) was slowly added to a cooled; stirred solution of 1-phenylethylamine 
(12-1 0-1 mole) in pyridine (20 c.c.), kept for 1 hr. at 100°, and poured into water. 
Kecrystallisation of the product from 50%, alcohol (charcoal) gave white needles (14-9 g., 54%), 
82° (Found: C, 65-3; H, 5-9; N, 5-1; S, 11-5. C,,;H,,O,NS requires C, 65-4; H, 
», 11-6%). The sulphonamide is only sparingly soluble in cold, but readily soluble 
sodium hydroxide solution, from which it separates unchanged on cooling. 
lrolysis with hydrochloric acid. The sulphonamide (6-9 g.) and aqueous hydrochloric acid 
80 c.c.) were slowly distilled in nitrogen through an 18-in. vertical air condenser into a 
nnel containing light petroleum (b. p. 40—60°; 40 c.c.) and a few crystals of quinol. The 
layer of the distillate was periodically returned to the reaction flask. After 4 hr. the 
Read, /. Amer. Chem. Soc., 1924, 46, 1514. 
]., 1905, 87, 159 
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clear aqueous mixture was cooled (deposit), made alkaline, and washed with ether to remove 
traces of resin. The alkaline solution on acidification gave toluene-p-sulphonamide, m. p. 
136—137° (3-52 g., 82%) and mixed m. p. 136-5—-137-5°. The light petroleum in the distillate 
was washed with alkali and with water and dried, yielding an oil (2-1 g.), b. p. 50-—67°/12 mm. 
Redistillation gave two fractions: (A) b. p. 356-——45°/12 mm. (0-6 g.), and (B) b. p. 66 
67°/12 mm... (1:17 g.). Fraction (A) in carbon tetrachloride with bromine gave styrene dibromide 
which, when recrystallised from alcohol-water (4: 1), had m. p. and mixed m. p. 73:5—74°. 
Fraction (B) had an odour of an aralkyl halide. Authentic 1-phenylethyl chloride,“ purified 
by Ward’s method, had b. p. 67—-68°/13 mm. and a similar odour. Fraction B was converted 
into S-1-phenylethylthiuronium picrate, m. p. and mixed m. p. 168—169° with an authentic 
sample of the same m,. p. Levy and Campbell ™ give m. p. 167° (Found: C, 43-6; H, 3-6; N, 
16-8. Calc. for C,,H,,0,N,S: C, 44-0; H, 3-7; N, 17-1% 

Hydrolysis with 90% phosphoric acid. N-1-Phenylethyltoluene-p-sulphonamide (5-5 g.) and 
phosphoric acid (d 1-75; 10 c.c.) were slowly distilled at 14 mm. from a bath at 100°. The 
distillate (1-6 g.) collected at — 80° was water with one drop of an oil having an odour of styrene. 
The residue was diluted with water and extracted with ether, from which sodium hydroxide 
removed toluene-p-sulphonamide, m. p. 136-5—137° (2-8 g., 87%). The ether then yielded an 
oil which gave two fractions on distillation : (A) a mobile liquid (1-0 g.) and (B) a very viscous 
oil (0-45 g.). After two fractionations (A) had b. p. 155-—-157°/13 mm., 114—-115°/0-4 mm., 
n® 1-5880, and (B) boiled at 168—185°/0-15 mm. Analysis showed them to be polymers of 
styrene. Molecular weight (Rast) determinations were not reproducible, but a semimicro- 
ebullioscopic determination in benzene showed fraction (4) to be dimeric [Found for (A): C, 
92:3; H, 76%; M, 214, 213. Calc. for C,,H,,: C, 92:3; H, 77%; M, 208. Found for (B) : 
C, 92-3; H, 7-7%]. 

Attempted addition of bromine to fraction (A) under Stobbe and Posnjak’s conditions ™ gave 
a viscous oil. Stoermer and Kootz * showed that distyrenes, containing only a small proportion 
of 1: 3-diphenylbut-1l-ene, give oils on bromination. Fraction (A) contained 30% of dipheny!l- 
butene (determined by the modified Wijs method **). The infrared spectrum of fraction (A) 
was compared with that of a distyrene (C), obtained from styrene and sulphuric acid 
and containing 10% of 1: 3-diphenylbut-l-ene.“ The spectra differed only in the lower 
intensity of a band at 964 cm,“ in the case of material (C). This would be expected if the 
specimens differed in their content of a diphenylbutene having a trans-CH:CH group. 

Styrene and phosphoric acid. Freshly-distilled styrene (20 g.) and phosphoric acid (d 1-75; 
100 c.c.) were heated on the steam-bath for 30 min., with vigorous stirring. The resulting oil 
(19 g.), extracted by ether, contained no unchanged styrene; on distillation it yielded a dimer 
(13-5 g.), b. p. 147-—-152°/0-6 mm., 125—132°/0-1 mm., nj) 15865 (Found: C, 92-4; H, 7:8%; 
M, 195, 199. Calc. for C,,H,,: C, 92:3; H, 7-7%; M, 208), which contained 38% of diphenyl 
butene (determined by the modified Wijs method). A trimer (2-4 g.), b. p. 190—-207°/0-15 mm., 
n*’ 1-5946, was also obtained (Found: C, 92-3; H, 78%; M, 299, 308. Cale. for C,,H,,: C, 
92-3; H, 7-7%; M, 312). 

Oxidation of N-tert.-Butyltoluene-p-sulphonamide to N-tert.-Butyl-p-sulphamylbenzoic Acid, 
Che sulphonamide (6 g.) was refluxed with potassium permanganate (16 g.) and anhydrous 
sodium carbonate (9 g.) in water (300 c.c.) for 1 hr. The cooled mixture was then treated with 
excess of sulphur dioxide, and the resulting white solid separated. It dissolved completely in 
cold 2n-sodium hydrogen carbonate (50 c.c.), On passing excess of carbon dioxide through the 
solution there was no precipitate, but on acidification to Congo-red material was precipitated 
having m. p. 182—-183°, unchanged after two recrystallisation from water-ethanol (10:1). The 
acid (yield 5-5 g., 68%) formed long needles (Found: C, 51:7; H, 60; N, 54; S, 12-6. 
C,,H,,;0,NS requires C, 51-3; H, 5-9; N, 5-4; S, 125%). The methyl ester was obtained by 
use of ethereal diazomethane and had m, p. 124—124-5° (constant) after crystallisation from 
benzene-—light petroleum (b. p. 60—80°) (Found: C, 53:2; H, 61; N, 6&1; 5, 11-6, 
C42H,,0O,NS requires C, 53-1; H, 6-3; N, 5-2; S, 118% The ester (I g.) was refluxed with 
aqueous hydrochloric acid (1:1; 20 c¢.c.) for 10 min.; an odour of tert.-butyl chloride was 
noticed. A solid which formed was completely soluble in aqueous sodium hydrogen carbonate, 

46 McKenzie and Clough, J., 1913, 108, 678. 

Ward, J., 1927, 445 

5° Levy and Campbell, J., 1939, 1442 

! Stobbe and Posnjak, Annalen, 1909, 371, 287 
52 Stoermer and Kootz, Ber., 1928, 61, 2330 
+ Wild, “‘ Estimation of Organic Compounds,” Univ. Pre Cambridge, 1953; Williams and Thomas, 
, 1948, 1867 
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and after precipitation with hydrochloric acid it had m. p. and mixed m. p. 292-—293° with 
p-sulphamylbenzoic acid. 

Hydrolysis of N-tert.-butyl-p-sulphamylbenzoic acid. The acid (12-85 g., 0-05 mole) was 
heated for 1 hr. with aqueous hydrochloric acid (1:1; 120 c.c.) under a partial condenser at 54 
levt.-Butyl chloride, b, p. 50-—52°, distilled and was characterised by conversion into N-trimethy] 
acetyl-l-naphthylamine which when crystallised from ether—light petroleum (b. p. 40—60°) 
had m. p. and mixed m, p. 147--148°. During the hydrolysis p-sniphamylbenzoic acid (9-9 g., 
93-5°%) separated which, when crystallised from ethanol, melted at 293—294°, not depressing 
the m, p. (292-—293°) of authentic material. The acid (1 g.) was treated in ether (15 c.c.) with 
a twofold excess of ethereal diazomethane. ‘The ester (0-87 g 87-5°) when recrystallised 
from water-ethanol (5: 1) had m., p. 180-——-181-5; the m. p. of a mixture with authentic ester 
vas 180-5—182 

p-Sulphamylbenzoic acid, This was prepared by oxidation of toluene-p-sulphonamide with 
potassium permanganate and was recrystallised from water.’ It sintered slightly from 275 
and melted at 292—293°. ‘The m. p. was the same when the apparatus was slowly heated from 
room temperature or when the m, p. tube was inserted at 250 Ash et al.® give m. p. 283 
(decomp Other workers record m. p.s ranging from 280° to 286° (Found: C, 41-8; H, 3-8; 
N, 6-7; S, 157. Cale. for C,H,O,NS: C, 41-8; H, 35; N, 7-0; S, 15-9%). 

Ihe acid [2 g. in ether (25 c.c.) or in benzene) reacted only sluggishly with ethereal diazo 
methane and methanol (1 c.c.) during 24 hr. Extraction of unchanged acid (0-41 g.) with 
aqueous sodium hydrogen carbonate gave the ester (1-3 g., 61%) which, recrystallised twice 
from alcohol, had m, p, 180-5-—-182° (Found: C, 44:6; H, 41 N, 6-7; S, 14-9. C,H,O,NS 
requires C, 44-7; H, 4:2; N, 6-5; S, 14-9%). 

Oxidation of N-tert.-Butyltoluene-p-sulphonamide : Identification of 2-Methyl-2-nitropropane 
and tert.-Butylamine.—The sulphonamide (18-2 g.) was refluxed with excess of 6% aqueous 
permanganate containing 3% of sodium carbonate for 1 hr. Distillation yielded an alkaline 
aqueous liquid (see below) and a very volatile solid, m. p. 23°, identified as 2-methyl-2-nitro 
propane by its m. p, and infrared spectrum, which was identical with that of a specimen 
prepared by permanganate oxidation of /lert.-butylamine.* N-/ert,-Butyl-p-sulphamylbenzoi 
acid (15-7 2.) was obtained as before. 

Che spectrum of 2-methyl-2-nitropropane had maxima (cm,"') at: 2967 (s), 2924 (m, sh), 
2874 (w h), 1548 (vs, sh), 1538 (vs), 1479 (s), 1458 (s), 1408 ( 1376 (vs), 1348 (vs) 
1256-1247 (m, broad), 1186 (m), 1017 (w), 858 (s), 801 (w), (intensitie vs, very strong 
, strong; m, medium; w, weak; sh, shoulder). The strong bands at about 1545 and 1348 cm 
may be ascribed to the nitro-group, and the bands at 1408, 1376, ca. 1250, and 1186 cm.“! to the 
ler butyl group.” 


1 


In another experiment the sulphonamide (8 g.) was refluxed with potassium permanganate 
11-13 g.) and anhydrous sodium carbonate (5-5 g.) in water (186 c.c.) (the calculated quantities 
for oxidation of a methyl to a carboxyl group) for 1-5 hr., the colour of the permanganate then 
being discharged 20 C.c, of the mixture were distilled into dilute hydrochloric acid, which was 
then evaporated, thus removing 2-methyl-2 nitropropane. The residue was identified as (ert 
butylamine hydrochloride by conversion into the picrate (m. p. and mixed m, p. 198—200°) and 
into N-tert,-butyltoluene-p-sulphonamide, m,. p. and mixed m, p. 113—-114°. The original 
alkaline mixture was filtered. Extraction of the manganese dioxide yielded unchanged 
sulphonamide (1-2 g., m. p. 113—-114°), and acidification of the filtrate gave N-tert.-butyl-p- 
ulphamylbenzoic acid, m. p. 181-5--182°; yield, calc. on the sulphonamide which had reacted 
91%. Concentration of the acid filtrate, which contained sulphate, gave no sodium hydrogen 
p-sulphobenzoate. As this readily separates from acidified salt solutions™ it was presumably 
absent 

Oxidation of N-tert.-butyl-p-sulphamylbenzoice acid The acid (7 g.) was refluxed with 
potassium permanganate (21 g.) and anhydrous sodium carbonate (10-5 g.) in water (350 c.« 
until the permanganate was decolorised (9 hr.) A white solid formed in the condenser; this 
was treated with water, leaving some insoluble 2-methyl-2-nitropropane. Evaporation of the 
aqueous extract gave a solid which was insoluble in ether and sublimed above 120° without 
melting (sealed capillary tube), With dilute hydrochloric acid it gave carbon dioxide and 
lert.-butylamine hydrochloride (picrate, m. p. and mixed m. p. 198—200°). The solid was 
therefore the corresponding carbonate or carbamate. Passage of carbon dioxide into tert 
butylamine in moist ether gave a product with the same properties. 2-Methyl-2-nitropropane 

* Ref, 39, pp, 13, 250 

*§ Smiles and Harrison, /., 1922, 121, 2022 
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and tert.-butylamine were again obtained from the mixture rhe nitro-compound had m., p, 23°, 
ny 1-3980. Kornblum and Clutter ® give m. p. 25—26°, n** 1-3980. A specimen prepared by 
their method, dried [Mg(ClO,),], and sublimed, had m. p. 23—25°, ni? 1-3980. Unchanged 
N-tert.-butylsulphamylbenzoic acid (2-8 g.) was removed as before. From the filtrate, faintly 
acid to Congo-red, sodium hydrogen oxalate separated, identified by the usual reactions and by 
conversion into its S-benzylisothiuronium salt, m, p. and mixed m, p. 195—196 (decomp.,). 
rhe concentrated mother-liquors contained sulphate, but no sodium hydrogen p-sulphobenzoate 
could be detected 

Oxidation of p-sulphamylbenzoic acid. The acid (5-47 g.; equivalent to 7-0 g. of the N-tert 
butylsulphamylbenzoic acid) was oxidised with the same quantity of reagents as in the previous 
experiment. Decolorisation was complete (14 hr.) and 2-36 g. of unchanged acid were 
recovered. Concentration of the mixture and treatment as above gave approximately 1 g. of 
sodium hydrogen oxalate, identified as before [S-benzylisothiuronium salt, m. p. 195—196° 
(decomp.) 

N-isoPropyltoluene-p-sulphonamide. This was prepared from isopropylamine (17 ¢.c., 
0-2 mole) and toluene-p-sulphonyl chloride (38-1 g., 0-2 mole) in pyridine as described for the 
N-tervt.-butyl compound. It was purified by solution in warm aqueous sodium hydroxide, 
precipitation with hydrochloric acid, and crystallisation from aqueous alcohol (charcoal), The 
amide (28-5 g.; 67-5%) had m. p. 49-5—51°. The m. p. does not appear in the literature but is 
quoted as 51° * (Found: C, 56-3; H, 6-8; N, 6-6; S, 149. C,,H,,O,NS requires C, 56-3; H, 

N, 6-6; S, 15-0%). When it was boiled for 14 hr. with aqueous hydrochloric acid (1: 1; 

c.) no volatile organic compound distilled and 90°, of the sulphonamide was recovered 
unchanged [he aqueous layer when made alkaline gave a s ammoniacal odour, 
presumably due to tsopropylamine since aspiration through Nessler’s solution gave a white 
precipitate but no brown colour. 

Oxidation of N-isopropyltoluene-p-sulphonamide. A mixture of the sulphonamide (6 g 
potassium permanganate (30 g., 20 equiv. of O per mole), and anhydrous sodium carbonate 
(15 g.) in water (500 c.c.) was distilled in steam for 1 hr Che acetone in the distillate yielded 
0-2 g. of 2: 4-dinitrophenylhydrazone which, recrystallised from methanol, had m. p. and mixed 
m. p. 125—125-5°. Treatment of the main reaction mixture with sulphur dioxide and hydro 
chloric acid yielded p-sulphamylbenzoic acid (3-9 g., 68°%) which, after recrystallisation from 
weak aqueous ethanol, had m. p. and mixed m. p, 292-293 rhe amount of permanganate 
required for complete oxidation of the N-isopropyltoluene-p-sulphonamide to p-sulphamyl 
benzoic acid, carbon dioxide, and water is 25 equiv. per mole When only 10 equiv. were used 
(reflux) and all permanganate was reduced, about one-third of the sulphonamide was recovered 
unchanged, and some toluene-p-sulphonamide and p-sulpliamylbenzoic acid were obtained, 

sy using only 2 equiv. of permanganate in presence of magnesium sulphate the yield of acetone 


2: 4-dinitrophenylhydrazone was 25%, original sulphonamide (67%) was recovered after 
treatment with sodium hydrogen carbonate, and a crude acid, m. p, 216-—-217°, which appeared 
to be a mixture of p-sulphamylbenzoic acid and its N-isopropyl! derivative, was obtained 
Prepavation and Oxidation of NN-Dimethyltoluene-p-sulphonamids Aqueous dimethylamine 
20 c.c., 0-11 mole), toluene-p-sulphonyl! chloride (28-5 g.; 0:15 mole), and 2N-sodium 
hydroxide (200 c.c,) were warmed for 4 hr. and boiled for 4 hi rhe insoluble sulphonamide 
18-1 g., 82%) when crystallised from aqueous alcohol (50%) had m. p, 80-81-65". Chaplin and 
Hunter” give m, p, 80-—-81° without preparative details With excess of hot aqueous 
permanganate-sodium carbonate mixture no aldehyde was evolved. The product (yield, 
77-5! isolated as before, was p-sulphamylbenzoic acid, m. p. and mixed m, p, 292-—293 By 
using 67% of the amount of permanganate required for oxidation to p-sulphamylbenzoic acid, 
carbon dioxide, and water, no toluene-p-sulphonamide was obtained ; about 10% of the original 
sulphonamide was recovered and the crude p-sulphamylbenzoic acid had m. p. 255--260° and 
probably contained some of its NN-dimethyl derivative 
Oxidation of N-Methyl- and N-Ethyl-toluene-p-sulphonamid rhe sulphonamides were 
boiled for 1 hr. with excess of alkaline potassium permanganate. In the case of the N-methyl 
compound (5 g.) decolorisation with sulphur dioxide, collection of the precipitate, and con- 
centration of the filtrate yielded a product which, on extraction with aqueous sodium hydrogen 
carbonate, left 1-2 g. of toluene-p-sulphonamide, m. p. and mixed m. p. 136-—-137°. Acidific 


ation and concentration of the extract gave a solid (m. p. 259°; 2-0 g.) which after two 


Organic Reagents for Organic Analysis,"” Hopkin and Williams, Chadwell Heath, 1950, 
‘7 Chaplin and Hunter, /., 1937, 1114 
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crystallisations from water had m. p, and mixed m. p. 280—281° with authentic p-sulphamy] 
benzoic acid, m, p. 280-—-281°. The correct m. p. has now been found to be 292—293° (see 
p. 1761 Similar results were obtained with N-ethyltoluene-p-sulphonamide, 

Oxidation of Toluene-p-sulphonanilide.—-The sulphonanilide (4-94 g., 0-02 mole) was refluxed 
with potassium permanganate (42 g.) and magnesium sulphate (42 g.) in water (700 c.c.) for 
lhr, The mixture was treated as before, and yielded p-sulphamylbenzoic acid (3-4 g., 84:-5%), 
m, p. and mixed m, p. 292—-293° (Found: C, 41-7; H, 3-6. Calc. forC,H,O,NS: C, 41-8; H, 
35%); methyl ester, m. p. and mixed m. p. 181—182°. The same product was obtained 
in good yield when sodium carbonate replaced magnesium sulphate in the oxidation 
mixture 

Comparison of the Oxidation of Acetanilide and Toluene-p-sulphonanilide with Potassium 
Permanganate,-Acetanilide (2-7 g., 0-02 mole), potassium permanganate (8 g.), magnesium 
sulphate heptahydrate (8 g.), and water (270 c.c.) were boiled for} hr. Excess of permanganate 
was still present. Treatment with sulphur dioxide, filtration, and addition of ammonium 
sulphate to the filtrate yielded unchanged acetanilide (1-3 g.; recovery 48%). Toluene-p- 
sulphonanilide (4:94 g., 0-02 mole) was oxidised with the same quantities of materials. No 
permanganate remained after 3 minutes’ boiling. After sulphur dioxide treatment and 
acidification, the resulting solid (3-6 g.) on extraction with aqueous sodium hydrogen carbonate 
was shown by m, p. and mixed m, p. (99-—-101°) to be the unchanged anilide (recovery 72%). 
Acidification of the extract gave only a trace of material, m. p. >250°. Concentration of the 
original filtrate yielded toluene-p-sulphonamide (0-1 g.; m. p. and mixed m, p. 137—137-5°). 
rhese results clearly show that toluene-p-sulphonanilide is much more susceptible to destructive 


oxidation than is acetanilide. 


We thank Imperial Chemical Industries Limited for a research grant and Drs. E. Rothstein 
and RK. W. Saville for carrying out the infrared measurements. 
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346. The Preparation and Stability of Dialkyl Chloroboronates. 


sy M. F. Laprerrt. 


The preparation of a number of dialkyl chloroboronates, BC]I(OR),, by 
reaction of either boron trichloride or alkyl dichloroboronites, BC1,-OR, with 
either alcohols or trialkyl borates has been investigated. The chloroboron- 
ates may further undergo either an alkyl chloride-producing reaction, 
accompanied by an olefin-producing elimination reaction, or a dispropor- 
tionation reaction, depending upon the experimental conditions. The 
stability of dialkyl chloroboronates with respect to the former reaction 
depends on both electronic and steric factors. A probable mechanism for 
this reaction is offered, based on (1) the relative stability of chloroboronates 
when R is varied, (2) stereochemical features (optical activity and molecular 
rearrangements), and (3) the influence of catalysts Results are compared 
with those obtained with alkyl dichloroboronites in a previous investigation.! 


In two earlier papers ** experiments on alcohol-boron trichloride—borate systems wer: 
described, in which dialkyl] chloroboronates, BCI(OR),, containing primary (Bu® and bu’), 
but not secondary or tertiary alkyl groups, were isolated. ‘The present paper reports 
methods of preparation of chloroboronates, the stoicheiometry of their decomposition, and 
constitutional, stereochemical, and environmental factors influencing such decomposition 
reaction Experiments are described concerning the systems involving n-propyl, the four 
isomeric butyl, neopentyl, 1 : 2 : 2-trimethylpropyl, l-octyl, and 1-methylheptyl radical 
The results are available for comparison with corresponding experiments! with alkyl! 
dichloroboronites, BCI,°OR. 
' Gerrard and Lappert, /., 1955, 3084 


Idem, ]., 1951, 1020. 
* Idem, J., 1951, 2545 
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Interaction between (a) boron trichloride or alkyl dichloroboronites and (bd) alcohols 
or trialkyl borates, in the proportions indicated by (1)—(4), gave quantitative yields of the 
chloroboronates. In view.of the difficulty in handling boron trichloride, methods (2) and 
(4) are preferred, but are only suitable for chloroboronates having primary alkyl groups, 
as the corresponding alkyl] dichloroboronites, required as starting materials, are sufficiently 
stable only in those cases.! 

(I) BCI, + 2ROH ——® BCI(OR), + 2HCI 
(2) BCI,-OR + ROH ——» BCI(OR), + HCI 
(3) BCI, + 2B(OR), —» 3BCI(OR), 
(4) BCI,-OR + B(OR), —— 28CI(OR), 


The chloroboronates could react further in one of three ways—an alkyl chloride- 
producing decomposition (5), accompanied to a relatively small extent by an olefin- 
producing elimination reaction (6), and a disproportionation (7). 


(5) 3BCI(OR), —» B,O, + B(OR), 4 3RCI 
(6) 3BCI(OR), —— B,O, + B(OR), | 3HCI + 3 Olefin 
(7) 2BCI(OR), ==" B(OR), + BCI,-OR 

2BCI,-OR == BCI, + BCI(OR), 


According to experimental conditions either (7), or (5) and (6) together, were observed. 
At pressures equal to or greater than atmospheric and under reflux or sealed-tube conditions, 
decomposition (5) with (6) was observed. Under reflux, by reduction of pressure, slow 
disproportionation (7) was observed. Of these three reactions, (7) was reversible and so 
was (5), but in this case only when the group R was primary and straight-chained. The 
reversibility of the alkyl (primary) chloride-producing decomposition illustrates a difference 
from the dichloroboronites. A further difference is the far greater facility shown by the 
latter to disproportionate. 

Distillation of the chloroboronates at atmospheric pressure was not possible in view of 
reactions (5)—(7), but at low pressures, such that the b. p. was below 45°, the n-propyl, 
n- and iso-butyl, neopentyl, and 1 : 2 : 2-trimethylpropy! chloroboronates could be distilled 
without significant decomposition (<3%). The sec.-butyl and the l-methylheptyl ester, 
however, decomposed [(5) and (6)}, and the l-octyl ester disproportionated (7) presumably 
because of the higher temperature that had to be used. In view of this difficulty, the 
experiments on the chloroboronates were carried out on undistilled samples, from which 
volatile materials (boron trichloride, hydrogen chloride, alkyl chlorides, or alkyl dichloro 
boronites) were removed by application of a suitable vacuum. The resultant samples 
were analytically very pure, and further, the molecular refractivities calculated from the 
measured refractive indices and densities were in good agreement (see Table 1) with the 


TABLE 1.* 

R in BC! (OR), Pre Bu Bu! Bu* CMe,’CH, CHMeBut C,H,, CHMe-C,H,, 
Found: [Rz)p 41-8 51-0 50-6 50-7 60-2 69-3 88-2 87°38 
Calc Ri\p «-- 41-8 51-0 51-0 51-0 60-3 69-5 88-0 88-0 

* The author is grateful to a referee for suggesting the advisability of computing these figures 


values calculated from Eisenlohr’s data on carbon, hydrogen, oxygen, and chlorine atomic 
refractivities,* and an average value for boron of 2-65, calculated from Cowley and Parting- 
ton’s ® and Arbuzov and Vinogradova’s data ® on trialkyl borates. 

Either reaction (5) or (7) has previously been regarded as characteristic of a particular 
branching. Thus Bu" and Bu' were thought to afford reaction (5) only,® whilst for di-2- 
chloroethyl ? aud for diphenyl * chloroboronate the characteristic reaction was (7), 

4 Eisenlohr, Z. phys. Chem., 1910, 75, 585. 

5 Cowley and Partington, Nature, 1935, 136, 643 

* Arbuzov and Vinogradova, Compt. vend. Acad. Sci. U.R.S.S., 1947, 56, 411 

? Edwards, Gerrard, and Lappert, J., 1955, 1470 

* Colclough, Gerrard, and Lappert, ibid., p. 907 
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Factors governing reaction (5) were studied under three headings 
(a) Influence of Constitutional Factors.—The stability of chloroboronates varied widely 
with change in the alkyl group, R Ihe tert.-butyl ester was unstable at 20° (88°, decom 
position in 20 min.). Of the esters having secondary alkyl groupings the stability increased 
with length of chain and extent of branching in the alkyl group rhus the sec.-buty] ester 
ble than the 1-methylhepty] ester and di-I : 2 : 2-trimethylpropy! chloroboronate 
unchanged after 6 days at 20° and indeed was more stable at 150° than 
primary esters such as the di-n-propyl and di-n-butyl chloroboronate Phe 
alkyl chloroboronates were stable at 20°, but at 150° the stability increased with 
gth of chain and with extent of branching. Thus the l-octyl and neopentyl esters were 
unchanged after 5 hr. at 150°, whereas the n-propyl and n- and tso-butyl ester were almost 
was more stable than the n-butyl ester which in turn 
100°. The results 


completely decomposed The zso 
was more stable than the n-propyl. Similar results were observed at 
are summarised in Table 9 
It is clear that the stability of dialkyl chloroboronates is dependent both on the degree 
of electron release at the alcoholic carbon atom and also on steric factors, in contrast to 
anges found for alkyl! dichloroboronites, where the electronic factor was the 
if not the only, criterion of stability.! 
nfluence of Stereechemical Tactors,—Wagner-Meerwein type rearrangement ha 
demonstrated in the decomposition of dizsobuty! chloroboronate to tert 


ide.* Two other examples are now given 
Me,C’CH, —»> Me,EtC- and Me,C-CHMe —p> PriMe,C 


decomposition of (-+)-l-methylheptyl dichloroboronite afforded much 
2-chloro-octane,! the decomposition of the corr sponding chloroboronate 1 

1 to give (—)-2-chloro-octane with very little loss of activity 
fluence of Environmental Factors.—The isomeric dibutyl chloroboronates ar 
rably more stable than has hitherto been believed. The lower stability reported 
due to very small traces (<0-1%) of Lewis acid impurity then present, which 
catalysed decomposition. The influence of such catalysts on the decomposition of chloro 
boronates is general. Of the compounds tried, hydrogen chloride, alkyl chlorides, trialkyl 
borates, and m-pentane had no effect on the decompositions; Lewis acids such as ferric 
ind aluminium chloride were very effective, as also to a smaller extent were alkyl dichloro 
boronite For example, the addition of ferric chloride (0-05%) to di-n-butyl 
chloroboronate at 20° caused instant decomposition. Similar results were observed with 
the other ester the results are summarised in Table 10. By contrast, diethyl ether, 

a Lewis base, had a stabilising effect 

With the zsobutyl, neopentyl, and (-+-)-1 methylhepty! esters, such catalytic decom 
position did not affect the steric course of the reactions. 

Ihe acceleration of decomposition produced by ferric and aluminium chloride is com 
parable to that observed with dic hloroboronites. ! 

The Mechanism of Decomposition,.-The mechanism of decomposition (5) of dialkyl 
chloroboronates is considered to involve a rate-determining initial fission of the B-Cl 
bond, depending on two factors, the degree of electron release (+-/) from the alkyl 
group, and the action of a second molecule of the ester, designated ‘‘ A ’’ in (8), which 
functions as an clectrophilic catalyst and thus facilitates heterolysis of the B-Cl bond 
Other Lewis acids, such as those mentioned in (c) (above) may also function as ‘ A’”’ in 
this wa lhe efficiency of ‘ A ” is dependent on two factors, its strength as an electrophile 
and the steric availability of the electron-deficient atom. If this atom is shielded, as in 
the uncatalysed decomposition of highly branched dialkyl chloroboronates, the power of 

\’’ as an electrophile is low or negligible. This duality of mechanistic factors explains 
ed influence of constitutional and environmental variations. The greate1 
m steric factors in the decomposition of chloroboronates than in that of dichloro 
also clear 
juent steps in the decomposition mechanism appear to depend on the nature of 


”» 


roup. Those groups which are normally not hindered with respect to Sy2 
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‘in-line '’ attack choose this mode of reaction (9), whilst those hindered with respect to 


uch attack react by an Syl carbonium-ion mechanism (10). These suggestions are put 


forward to account for the observed stereochemical influences 


rc? 


: “\y Rate-determining 
(8) B $ A= [(RO),B) [ACI] 


RO 
J 
(9) [ACI]- ==" A + Clo; CI > [to-8-or] —»ci-& + 0:8-0R 


ACI 
(10) [(RO),B]* —— R* | O'B-OR —— RCI +A 


[he metaborates, BO-OR, suggested as intermediates, are finally considered to de- 


COMDOSE 


(11) 3B30-OR ——» B(OR), | B,O, 


rhe probability of preponderance of either the Sy2 (9) or the Syl mechanism (10) for a 
particular group R, will depend on the relative rates of these reactions. The stability of 
(KO),B}|* is evidently sufficient to permit (9) to take place if the group K is such that it is 
normally responsive to Sy2 replacements. This is a contrasting result to that found ! with 
dichloroboronites, where even with such groups, an Syl result was obtained. This is 
doubtless due to the lower stability of [BClOR)* than of [(RO),B)*; the greater stability 
of the k r may be due to its symmetry. 


I}XPERIMENTAI 


General Procedur Reagents were prepared or purified by the methods outlined earlier.’ 


Compounds containing boron, or boron as well as chlorine atoms attached to a boron atom, were 
analysed by cold-water hydrolysis in an enclosed system and titration with carbonate-free 
sodium hydroxide to successively a methyl-orange (Cl) and a phenolphthalein (1) end-point, 
the latter titration being carried out in the presence of mannitol. Compounds containing a 
chlorine atom attached to a carbon atom were analysed for chlorine by the Volhard method, 
after previous hydrolysis with boiling ethanolic potassium hydroxide 
Dial 1 ¢ hlovoboronate by Reaction (1). The alcohol (2 mol Va added dropwise to boron 
trichloride (1 mol.) at 80°. The outlet to the reaction vessel was connected to potassium 
hydroxide absorption tubes in order to collect the liberated hydrogen chloride, At the end of 
ddition, the mixture was allowed to warm to 20° and hen kept at 20°/15—-20 mm, for 
30 min., whilst being mechanically shaken. ‘The residual oil was the chloroboronate, The 
results are shown in Table 2 (for Bu® and Bu, see ref. 3; for Me and Et, see ref. 9; for 2-chloro 
ethyl, see ref. 7 all the esters are new compound Reagents were used in 0-01—0-05-molar 
imounts and the reverse order of addition gave substantially similar result 


, 


TABLE 2 


Yield of 
Hcl Required (° 
’ ny 
100 14028 
99 14017 
Loo 14102 
US 14165 0-901 
Os 14380 0-906 
97 1-4277 0-897 
Pentane used as solvent, as al 
i) + 20-0" from ROH ha 


Reaction (2) Phe alcoho mo was added to the dichloro 
Further procedure w ir to tha scribed for reaction (1) 


litterlin, Z. anorg. Chem., 1931, 202, 31. 
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Results are shown in Table 3. The method was not satisfactory for the esters having secondary 
alky! groups, as the corresponding dichloroboronites are unstable.! 


TABLE 3. 
Yield of ; Yield of 
Yield HCl Found (%) R in HCl Found 
y (%) Cl B BCI(OR), 
Ys 100 21-5 6-6 CMe,*4 H, * 100 100 
100 100 18-4 5-7 Cai. 100 100 
Os 99 18-3 5-7 


* Pentane used as solvent 


Dialkyl Chloroboronates by Reaction (3) 3oron trichloride (1 mol.) was added to the trialky] 
borate (2 mols.) at 80°. Further procedure was similar to that described for reaction (1 
except that instead of potassium hydroxide absorption tubes, a silica-gel drying tube was 
attached to the apparatus. Results are shown in Table 4 (for Bu® and Bul, see ref. 3; for 

‘ref, 10; for 2-chloroethyl, see ref, 7) 


TABLE 4 
R in Yield Found (%) Kt in Yield 
BCI(OR (% ni? Cl B BCH(OR), (9 nie 
97 14027 21-3 6-6 CHMebBut 100 1-4169 
Ys 14013 18-3 57 Cis. 
100 1-4106 16-1 4-9 CHMe'C,H,, 


4 ‘ , 2 
* af? 4 20-4° from B(OR), having aj) 


Dialkyl Chloroboronates by Reaction (4).--The dichloroboronite (1 mol.) was added to the 
trialkyl borate (1 mol.) at 80° and subsequent procedure was as des ribed for reaction (3 
ktesults are shown in Table 5 rhe method was not tried for chloroboronates having secondary 
ikyl!l grouping 

TABLE & 


Yield bound (%): R in Yield Found (° 
(%) Cl B BCL(OR), %) ny Cl 

97 14020 21-5 6-6 CMe,’CH, 100 14106 16-0 

oo 14134 183 h-7 C,H,, 100 14384 11-6 

100 14055 18-4 5-6 


De mposition (5) and (6) of Dialkyl Chloroboronate rhe purpose of these experiment 
to establish the stoicheiometry of the decompositions. Conditions (e.g., absence or presence 
arious catalysts) are not stated (except that in none was reduced pressure used) because, 
i result of many experiments, it was seen that these did not affect the stoicheiometry of the 
reactions or the nature of the halide (optical activity and molecular rearrangement result 
obtained rhe present results are additional to those on the four isomeric butyl esters.* Yields 
are recorded in Table 6, and the results for the characterisation of the alkyl halides and trialkyl 


borates are shown in Table 7 


TABLI 
Rin BCL(OR), Ir CMe,’CH, CHMeBu' CHMe-C,H ,, 
8,0, 05 YS 06 Ws 
f< BOR), 03 84 90 92 
RCI 70 8S ht) 7 Si © 
\lso octene (35% rhe mixture was separated b li ion and by omination 
ibromide had b. p. 110-—-111°/13 mm nit 14804 


The proportion of olefin formed [reaction (6)] in the decomposition of chloroboronates was 
mall, except for the l-methylheptyl ester That it is formed was demonstrated with the 
n-butyl ester rhe chloroboronate (11-30 g@.) was heated for 4 hr. at 100° under reflux in the 
presence of a trace of ferric chloride. The outlet of the condenser was connected through a 
ioda-lime trap (to absorb hydrogen chloride) to two Herschel bottles, each containing bromine 
(4 cx in chloroform (10 c.c.) [he bromine solutions were combined and the chloroform and 


erg and Smedsrud, ibid., 1935, 225, 204 
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TABLE 7. 
Characterisation of RCI 
i x 
R in B. p. Found :; Cal 
BCI(OR), (mm.) we C1(%) Cli 
45—47° 1-3878 ~ 
85 14054 32:8 33-2 
109 14180 29-0 29-4 2—74(0-3 
seseeesee 69-—T71(15) 14302 23-8 23-9 158—160(0-1 
ois Tf 61(14) 14275 23-7 35—137(0-1 
* The chlorides were also analysed for tertiary alkyl chloride, by hydrolysing weighed samples in 
dilute nitric acid in the cold (48 hr.) and a subsequent Volhard titration. Earlier work had shown 
that under these conditions only a tertiary and not a secondary chloride was thus hydrolysed.’ The 
results were 85%, neopentyl chloride in the neopenty! system and 98%, of a fert.-hexyl! chloride in the 

1; 2: 2-trimethylpropyl system 

+ The chloroboronate was prepared from a tri-l-methylheptyl borate sample [reaction (3)] 
having af? +14-6°. The borate from decomposition of the chloroboronate had the same activity, 
whilst the 2-chloro-octane had a?? —11-8°. 

much of the excess of bromine were removed in a vacuum he small residue was dissolved in 
ether (10 c.c.), washed (NaHSO,), and dried (CaCl, rhe ether was removed by distillation 
and the residue (0-50 g.) was 1 : 2-dibromobutane, b. | }4°/760 mm., ni? 15138, equivalent to 
but-l-ene (0-13 g., 4%). 

Disproportionation (7) of Dialkyl Chloroboronate n-Butyl. The ester (4-00 g.) was 
heated for 28 br. at 80° under reflux at 1 mm. A residu 4 g.), ny 1-4101, remained, which 
was a mixture of tri-n-butyl borate (59%) and di-n-butyl chloroboronate (41%) (Pound : 
Cl, 7:5; B, 5-1, Cale. for such a mixture A, 7-6; B, ,; ny 14121). A condensate 
had collected in a trap cooled to 80°, which after t distillations afforded n-butyl dichloro 
boronite (0-46 g.), b. p. 38—41°/19 mm., ny, 14166 in Cl, 45-3; B, 69. ¢ 
C,H,OC1,B: Cl, 45-8; B, 7-0%). 

(b) Very similar results were obtained with the isobuty! and the m-propyl ester 

Distillation of Chloroboronates.—The chloroboronates shown in Table 8 were distilled. In 
each case the reduced pressure employed was so chosen that the compounds could be distilled 
in the range 30—45°. Under these conditions the corresponding dichloroboronites and alkyl 
chlorides are gaseous, except the l-octyl ester, which consequently underwent appreciable 
disproportionation (7). In the cases where distillation was possible, significant disproportion 
ation (about 15%) was noted (1.e., a dichloroboronite condensate and a trialkyl borate residue). 
The di-sec,-butyl and di-1-methylheptyl chloroboronates could not be distilled owing to decom 
position [(5) and (6)]. 

TABLE 8. 

R in B. p Found (%) : R in 

(OR), (mm.) ni ; BCI(OI 

36° (6) 14018 21°: yf CMe,’Cl 
40 (0°25) 1-4128 5 CHMel 
32(0-2) 1-4070 8°: 56 C,H, 


TABLE 9. 
R in Decompn 
BCI(OR), Temp (° 
20° 5 


I! 

20 y IM ! 
: 4 l 

I 


pee 


“0 

20 } 

20 150 
20) 26 syn 100 
20 jue ; 100 
150 { } 100 
150 iy sul 100 
150 52°! su ; 100 
Bu® y 150 § ; ) 100 
But 150 q eyCH, y 200 
Bu! 150 


* 


~ — =) +) bo 


bo = m bo bo bo bo bo 


CHMeBut 
Pre * 
Pr 


Bu * 


Only in these examples was there evidenc« f ‘ bili I amples which had been 
heated for 5 hr. at 150°, when subsequently left for 49", contained more chloroboronate 
(Pre, 80%; Bu», 60%) 


Kenyon, Rassoul, and Soliman : 

rhe only tertiary ester investigated was di-tert.-butyl 
vhen method (4) wa i, the mixture being 

other ester the for non-catalyse 

in presence of adde« 


Bu', CMe,°CH,, an 


j 
| 
I 
1 
A 


for decomposition 


(Pr 


Added substance De 


RK in 
and amount 


BCLOR 
Bu 
CMe,’CH, 
but 
CHMeC, 
Kut 


CH Me,* 


livalent to formation 


ealed tubes and analysing 


by heating weighed samples in 
under water in stoppered 


intervals by breaking the tube 


hydrogen chloride to a methyl-orange end-point (the « hloro 
as HCl]; the alkyl halides 


bili tie were estim ted 


ifter arbitrary time 
trating the liberated 
tantly evolve all the chlorine 


hydrolysis in cold water in 
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Josepn KE ABDEL RASSOUL AHMED ABDEL RASSOUL, 

and GABRA SOLIMAN 

ur, deoxybenzoin undergoe is to dibenzyl, benz 

olid, by a free-radical mechanism 
of benzaldehyde is explicable if benzoyl radicals dehydro 

ybenzoin to free desyl radicals. Some deoxybenzoins substituted 


and an amorphou 


») analogous photoly 


4: 4’-disubstituted derivatives 


le. 


nd the methylene group underg + 
and light, deoxybenzoin and its 
ised to aldehydic and acidic products, probably via a hydroperoxi 
ubstituted deoxybenzoins resist such photolysi 
photol of deoxybenzoins (1). 


nown regarding the pl 
a deoxybenzoinpinacol, 


Cohen,” however, obtains 


4-X-C,H,-CO-CHR:’C,H,*X’-4 I 

irradiated in pre ence ol toluene O! 
oin undergoes an obvious 
ind ten of its derivative 


| deoxybe nNZOMl Wa 
nd of our observation that deoxyben;z 


ketones 


a resin 
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tematu 
benz ' with a view to determining the influence of the 
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ind Perret, Gazzetta, 1914, 44, I, 151 
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group being methyl, ethyl, phenyl, or diy 


e were irradiated in benzene in the ab 
it} Wa 


l fie 
ve 
methylene 


and, of course, deoxybenzoin 
lin the pr 
added to enhance enoli 


esence of air, and in 
lbsence of Atr. 


ation 


Irradiation of deoxybenzoin in an atmosphere of carbon 
onditions specified in the Experimental section led to the formation of 
benzaldehyde, and an amorphous product. However 
photolysis products from unchanged deoxybenzoin 
of benzoic acid. 
On the othe irradiation ot deozybenzoin 
t-methoxy-, 4: 4’-dimethoxy-, 4’-nitro-, 4-methoxy-4 


ubstantial degradation, though traces of p-anisaldehy 
the first member 


cid , the isolation of 
was difficult and caused formation 

I tras 
hand, ubstituted in an aryl group 
nitro-deoxybenzoin) did not effect 
le and a resin were obtained from 
Che results support the annexed reaction scheme, in which the benzaldehyde results 

1 the reaction between a benzoyl radical and a dcoxybenzoin molecule. 


hw 
Ph-CO:CH,:Ph ——® Ph-CO- + Ph-CH,: > (Ph:CH,), 
Ph-CO- Ph-CO-CH,:Ph 2 Ph:CHO + Ph-CO-CHPh- 
those substituted in the aryl group, deoxybenzoin 
ndergo profound change. 
lanism propo ed 


X H, k 
vi 


olid WU 


> (Ph:CO-CHPh-), 


ubstituted in the methylene 


d are in agreement with the 


The results so far obtaine 

his may be exemplified by the photolysis of the deoxybenzoin 
< na » 
O~- ANG | - 


Me) to benzaldehyde, m )-2 : 3-diphenylbutane, and an 
ich requires rupture of the excited molecule to free benzoyl, 1-pheny! 
TABLE | 


x Aldehyde 
H 


Ph:CHO Dibenzy] 
H a 1 and 3-Diphen ylbutane 
H - " 3: 4-Diphenylhexan 
OMe Me p MeO“( ol ly! HO ) nd 2: 3-Di-(p-m«e thoxyphe nyl) butane 
OMe f ke } excestrol dimethyl ether 

H H Ph:CHO n-Tetraphenylethane 

ethyl, «-methyldesyl, and hydrogen radicals 


the existence of a-methyldesyl radical: 
eparated 


Dibenzyl 


Neverthele 
is lacki 


y mee 
I IT 


experimental evidence fot 


di-x-methyldesyl could not be 
Likewise, thre¢ 


ethyl-substituted deoxybenzo corresponding aldehyd 

hich possess oestrogenic activity ontrary to Schénberg and Mostafa,* 
X X’ = H, R = Ph) is susceptibl 

m-tetraphenylethane, and an amorphou 


olic rhe diphenyl! derivative, however 
failed to undergo a change, in agreement with Banchett! 
Photolysi 
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irradiated i 
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(wu 


rave the 
to irradiation, giving benzalde 


e-mentioned deoxybenzoin were 
contact with dry air most of the degradation products obtained by irradiation 
in the ab f 
iple, deoxybenzoin gave benzaldehyde and benzoic acid in appreciable quantitie 
and peroxides were also detected; dibenzyl and didesyl 
ubstituted in the aryl group gave 
and be nzaldehyde » 


re 1s ¢ 


nce of air were isolated, together with acidic and aldehydic degradation product 
lor exan ple . 


were not isolated. Similarly, 
deoxybenzoin iir, the apy 


ppropriate substituted benzoi 


acid 


iY 


vidence that ketones are autoxidised in the « position to hy drope roxides, and 
would then occur 
Q-:-OH 


X°C,H,-CO-CH,-C,H,X’ —~e X-C,H,-CO-)-CH-C,H,X 


em X:C,H,-CO,H + OHC-C,H,-X 
hand, as has been shown above, photols in th eC) air gives rise to 
yde X +f oll,’ HO if both these reae I YI urrently then 
Mostafa, /., 1945, 659 

etta, 1941, 71, 685 
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when X = OMe and X’ = H, the products of the combined reactions would be benzoic 
and p-anisic acid, and benzaldehyde and p-anisaldehyde, which is what is found. 

Photolysis of 2-chlorodeoxybenzoin, involving peroxide formation, was studied by 
Jenkins ® who obtained o-chlorobenzoic acid and benzaldehyde arising from o-chlorobenzoy! 
and benzyl residues. On the contrary, photolysis of the methylene-substituted deoxy- 
benzoins did not seem to involve autoxidation since peroxides could not be detected and 
lower aromatic ketones were not isolated. This may be because, in some cases, the mobility 
of the hydrogen atom attached to tertiary carbon (>CH-—), necessary for peroxide forma- 
tion, is restricted. Nevertheless, the aldehydes and substituted dibenzyls isolated may be 
attributed to photolysis. 

In most of the photolyses, amorphous products were amongst those isolated. Analyses 
of some of these did not identify them as polydidesyls or polydeoxybenzoins. The identity 
of the substituted dibenzyls was established by analysis and by comparison with authentic 
pecimens prepared by the hydrogenation of the corresponding ketazines.® 


EXPERIMENTAL 

rhe light petroleum used had b. p. 60-—-80°, All reagents were purified before use. 

Vethod.-Portions (2 g.) of the anhydrous deoxybenzoin in benzene (100 ml.) were placed in 
four series of Pyrex photochemical tubes, of which two were sealed in an atmosphere of carbon 
dioxide with, and without, pyridine (10 ml. per tube) severally. The other two series, one with, 
and one without, pyridine were irradiated in contact with dry air. ‘The specimens were exposed 
to sunlight in Alexandria, Egypt, for 30 days during March—June. A control sample for each 
of the four series was kept in the dark and no change in them was perceptible. 

rhe peroxides found in some of the aerated samples were detected by the method described 
by Green and Schoetzow.’ 

Estimation of acidic and aldehydic components. The photolysed deoxybenzoin solutions 
were diluted with ether or benzene, shaken with saturated sodium hydrogen carbonate solution 
(3 20 ml.), and washed with water (2 x 20 ml.). To the combined sodium hydrogen 
carbonate extracts and water washings, 2n-hydrochloric acid (150 ml.) was added. ‘The acid 
mixture was extracted with ether (2 x 100 ml.), and the extract washed with ice-cold water 
(3 x 20ml1.). The acid residue recovered from the ether was weighed, dissolved in 50% neutral 
ethanol (ca, 50 ml.), and titrated against 0-05n-sodium hydroxide (phenolphthalein), whence 
the amounts of the acids were determined. In the case of the unsymmetrically substituted 
deoxybenzoins the percentage weights of the mixed acids were derived by calculation; the 
component acids were separated by fractional crystallisation, and their identities were confirmed 
by mixed m. p. determinations. 

When pyridine was present in the irradiated solution the method of isolation was as 
follows: The irradiated solutions were diluted with ether or benzene and washed with water 
(2 50 ml.), 2n-hydrochloric acid (3 x 50 ml.), water, and finally sodium hydrogen carbonate 
olution, To all the washings, combined, 2n-hydrochloric acid was added and the acidic 
radation products were extracted with ether and estimated as before. 
lor estimation of aldehydic products, the residual acid-free solution was shaken with 
freshly prepared sodium hydrogen sulphite solution (75 ml.). The aqueous bisulphite layer, 
together with water-washings (2 x 20 ml.) of the organic layer, was mixed with an equal 
volume of saturated sodium carbonate solution and steam-distilled into dimedone or 2 : 4-dini- 
trophenylhydrazine reagent. After being kept overnight in the ice-chest, the aldehydic 
derivative was collected, washed, dried, and weighed. 

rhe mean results of these determinations are recorded in Table 2. They are derived from 
at least four replicates. For the unsymmetrically substituted deoxybenzoins the weights of 
the 2: 4-dinitrophenylhydrazones of the volatile aldehydes isolated are recorded; in other 
cases, the aldehydes were only identified. 

\fter separation of the acidic and aldehydic components of the irradiated solutions, the 
other photolysis products were isolated from the neutral benzene solutions as described below. 

Deoxybensoin, The benzene solution (from 5 x 2 g. portions) was evaporated and the 
brown viscous residue was extracted with cold light petroleum. The insoluble resinous residue 
was purified by dissolution in benzene and precipitation with light petroleum. This process 

Jenkins, /. Amer. Chem. Soc., 1935, 87, 2733 
* Bretschneider and Ajtai, Ber., 1941, 74, 571; Fodor et al., Ber., 1941, 74, 689; J., 1948, 684. 
? Green and Schoetzow, J. Amer. Pharm, Assoc., 1933, 22, 412. 
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ABLE 2. Irradiation products (Y = p-X°C,H,-; Y' = p-X"*C,H,-) 


Irradn., in 
A 


CO, CO,-C,H,N Air Air-C,H,N 


< Y'CHO Y*°*CO,H YCHO Y"CO,H ArCHO ArCO,H ArCHO ArCO,H 
H H HH 3-24 “64 1-52 1-24 2-25 18-14 1-72 33°23 
OMe H 1-27 *§ 1-75 0-64 4°26 4-92 2-80 14-98 
OMe OMe 3-73 . 0-34 3-43 3-00 9-72 ath) 410-05 
li NO, 0-09 ° 0-05 0-64 nu 33°40 
OMe NO, 0-09 “Oi 0-06 0-88 50 36-95 
H H 12-39 8 3 24-00 

H H ‘ 11-38 “75 3 21-77 

OM: OMe 8:06 , -~- 3-62 95 

OMe OMe . 7-93 “85 - 3 5-20 

H IH 9-59 -7E 2 8-68 


was repeated several times until the resinous material was obtained as a yellowish-white amor 
phous powder (0-75 g.), m. p. 167—-175° (decomp.) [Found : C, 85-4, 85-2; H, 5-6, 6-7. Cale. 
for (C,,H,,O),: C, 86-1; H, 5-6, Calc. for (C,,H,,0), : C, 85-7; H, 61%]. 

rhe light petroleum extract was evaporated at room temperature, yielding unchanged 
crystalline deoxybenzoin (7-5 g.) and an oil. The latter (1:59 g.) was further purified by treat 
ment with cold light petroleum in which it is more soluble than deoxybenzoin. The oil gave, 
on distillation fractions (a) (0-4 g.) b. p. <120°/1-2 mm. and (b) b. p. 120—150°/1-2mm,. The 
former yielded dibenzy! which crystallised from ethanol in prismatic needles,® m. p. and mixed 
m, p. 52°. 

Didesyl (0-1 g.) separated from the deoxybenzoin fraction on treatment with ice-cold ether 
in which it is sparingly soluble. It crystallised from benzene-light petroleum in prismati 
needles,® m. p. and mixed m. p. 245° (Found: C, 86-1; H, 5-5. Cale. for C,,H,,O,: C, 86-1; 
H, 56%), which gave a grass-green colour with concentrated sulphuric acid.” 

The deoxybenzoin solutions which were irradiated in presence of air gave a positive peroxide 
test and did not yield dibenzyl or didesyl. 

4-Methoxydeoxybenzoin,“ 4: 4’-dimethoxydeoxybenzoin.” 4’-nitrodeoxybenzoin,™ and 
4-methoxy-4’-nitrodeoxybenzoin ™ did not give photolysis products other than the aldehydes 
and acids recorded in the Table. 

a-Phenylproptophenone (1; X -_ H, R Me). The benzene solution (from6 x 2g 
portions) left after separation of benzoic acid and benzaldehyde yielded a pale brown viscous 
residue which was extracted with cold light petroleum. The oil (3-5 g.) recovered from this 
extract was treated with ice-cold methanol, and the solution gave meso-2 : 3-diphenylbutane 
(0-9 g.) on slow evaporation. It crystallised from methanol in flakes,’ m. p. and mixed m., p. 
126° (Found: C, 91-1; H, 8-7. Calc. for C,,H,,: C, 91:4; H, 86%). (More meso-2: 3-di 
phenylbutane was obtained as a sublimate when the residual oil was heated with traces of iodine 
for 6 hr. at 230-—-240°; under these conditions the oily 2 : 3-diphenylbutane, likely to be present, 
is converted into the racemic isomeride.”) The brown resinous residue which was insoluble in 
light petroleum was purified by treatment with benzene-—light petroleum as before, yielding 
an amorphous solid, m. p. 163° (decomp.) (Found: C, 83-4; H, 6-0, 5-9%). 

4- Phenylbutyrophenone.“ The brown viscous residue recovered from the benzene solution 
was extracted with cold light petroleum. On slow evaporation the extract gave an odorous 
oil in about 30% yield with respect to the deoxybenzoin It gave on distillation a fraction, 
b. p. 158—160°/1-2 mm., which did not solidify. meso-3: 4-Diphenylhexane was obtained 
from the first fraction after the oily impuriries had been removed with cold methanol, It 
crystallised from methanol in needles,“ m. p, and mixed m, p. 91—92° (Found: C, 90-5; 
H, 9-35. Calc. for CigHys °C O76: H. 9-25%) 


oO 


®* Alexander and Fuson, J. Amer. Chem. Soc., 1936, 58, 1745 

® Knoevenagel, Ber., 1888, 21, 1355. 

10 Fehrlin, Ber., 1889, 22, 553; Hahn and Murray, /. Amer. Chem. Soc., 1914, 36, 1489. 
11 Ney, Ber., 1888, 21, 2450 

12 Stobbe, Ber., 1902, 35, 912, 

1% Petrenko-Kritschenko, Ber., 1892, 25, 2342. 

Rubin and Wishinsky, /. Amer. Chem. Soc., 1944, 66, 1948 

16 Meyer and Oelker, Ber., 1888, 21, 1297. 

‘© Haword, Hilbert, Wiebe, and Gaddy, J. Amer. Chem , 1932, 54, 3639. 
17 Lyepin, /. Russ. Phys. Chem. Soc., 1912, 44, 1190. 

48 Fodor and Wein, J., 1948, 686. 


Tittensor and Woibberley : 

z-p’-methoxyphenylpropiophenone. The neutral aldehyde-free residue recovered 
venzene solution (from 5 2 g. portions) was extracted with cold light petroleum 
extract was ¢ vaporated at room temperature, an oil contaminated with 
di-(p-methoxyphenyl)butane was obtained. On treatment with ice-cold methanol, 
dissolved, leaving crystalline meso-2 : 3-di-(p-methoxyphenyl)butane (0:8 g It 

illised from methanol in prismatic needles,™ m. p. 136° (Found: C, 79-5; H, 8-2. Ci 
C, 80-0; H, 8-2% Racemic 2 ; 3-di-(p-methoxyphenyl)butane was obtained from 


inolic solution of the oil, after separation of the meso-isomer, by dilution with water and 


i 
n with ether. The residue which was recovered from the ethereal solution was dissolved 
inimum of ethanol and kept in the ice-chest; the racemic compound crystallised. It 
d from methanol in flakes * (0-2 g.), m. p. 87° (Found : C, 79-6; H, 8-1%). 
vy-a-p’-methoxyphenylbutyrophenone.” The neutral anisaldehyde-free residue (from 
portions), which was obtained as a pale brown viscous oil, was extracted with light 
um, and the solution evaporated at room temperature Che oily residue (4-6 g.) which 
ontaminated with minute crystals was treated with ice-cold methanol in which the oil 
d leaving meso-hexcestrol dimethyl ether (1-8 g.). This separated from methanol in 


and mixed m,. p. 144° (Found C, 80-4; H, 88. Calc. for C,,H,,0, 


J 

H, 87%). 
4-Diphenylacetophenone.* The benzaldehyde-free neutral benzene solution wa 
rated and then carefully diluted with light petroleum; sym-tetraphenylethane separated 
yield with respect to the original ketone. It crystallised from benzene-light 


risms,*4 m. p. and mixed m. p. 211° (Found , 93-3; H, 6-7. Calc. for C,,H,, 


! 
66% 
photolysis products were obtained from meso-aaa-triphenylacetophenone and all the 


lene-substituted deoxybenzoins irradiated in contact with dry air 


gave negative peroxide 
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348. Methylnicotinic Acids. Part I. Condensation of 
2-Methyl-6-phenylnicotinic Acid and its Ethyl Ester with Aldehydes. 
By E. Tirrensor and D. G. WIBBERLEY. 


Condensation of benzaldehyde with 2-methyl-6-phenylnicotinic acid and 

ethyl ester has been shown to | roduce a lactone in addition to the styryl 

atives of the acid and its ester With certain substituted benzaldehydes, 
iowever, the lactone was the only product isolated 


LE information appears in the literature on the condensation of 2- or 4-methy! 
nic acid with aldehydes apart from a report by Koenigs ' that 4-methylnicotinic acid 
es with formaldehyde and less readily with acetaldehyde when heated in a sealed 
one of the products from the latter condensation being the lactone of 4-(2-hydrox: 
opyl)nicotinic acid, Since 2-methyl-6-phenylnicotinic acid is readily prepar 
ind Burger’s method,” it was chosen as a suitable derivative with which to beg 
estigation into these condensations. It was found, however, that under 
described by Koenigs no reaction took place between 2-methyl-6-phenylnicoti 
ormaidehyde or acetaldehyde, but extension of the investigation to includ 
' ' 


les gave positive result Heating 2-methyl-6-phenylnicotinic acid 
id water in a sealed tube yielded 2-(2-hydroxyphenethy])-6-phenylnicoti 


1901, 34, 4336 
rger, Monatsh., 1928, 49, 265 
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acid (I; R =H, R’ Ph), whereas in acetic anhydride a mixture of 6-phenyl-2-styryl 
nicotinic acid (II; R BE, RR’ Ph) and 2-(2-hydroxyphenethyl)-6-phenylnicotinic 
lactone (III; R = Ph) was obtained. 


CS) CO, 
‘ ACH; CHR+OH 


‘ 


(| 

6-Phenyl-2-styrylnicotinic acid (II; R ; 1) showed normal olefinic reactions 
towards bromine water and aqueous potassium permanganate The lactone (III; 
R’ Ph) was readily converted into the hydroxy-acid ([; kK H, R’ Ph) in hot 
aqueous acetic acid, and re-formation of the lactone was accomplished by heating the 
acid with acetic anhydride or in a solvent such as ethyl acetate, some of the 6-phenyl- 
2-styrylnicotinic acid (II; R H, R’ Ph) being formed simultaneously. It is not 
possible, by heating alone, with acetic anhydride or with mineral acid, to convert 6-phenyl 
2-styrylnicotinic acid (II; R =H, R’ = Ph) into the lactone (I[1; R’ = Ph). It thus 
seems clear that the first product of reaction between benzaldehyde and 2-methyl-6- 
phenylnicotinic acid, the hydroxy-acid (1; R —H, R’ = Ph), is converted during the 
reaction into a mixture of the styryl compound (II; RK = H, k Ph) and the lactone 
(III; R’ Ph). 

Substitution of ethyl 2-methyl-6-phenylnicotinate for the acid in reactions with benz 
aldehyde gave essentially similar results rhe first product, ethyl 2-(2-hydroxyphen 
ethyl)-6-phenylnicotinate (I; R Et, R’ Ph) was never isolated, but from 
condensations in sealed tubes under the influence of zine chloride the major product was 
ethyl 6 phenyl 2-styrylnicotinate (II; R Kt, Rk Ph) and was accompanied by thie 
lactone (III; R’ Ph) or in some experiments the hydroxy-acid (I; R H, Ih’ Ph) 
Ethyl 6 phenyl! 2 styrylnicotinate (II; R ka Ph) and the lactone (III; R Ph) 
were also produced when acetic anhydride was used a condensing reagent and a very 
mall quantity of 6-phenyl-2-styrylnicotinic acid Q *h) was recovered 
from the mother-liquors from several experiment 

Ihe crude vields in condensations of substituted benzaldeh Wi 2-methyl-6 
phenylnicotinic acid and its ethyl ester in acetic anhydride were in the expected order 
p-NOg m-NO, > H p-MeO > 0-OH p-Nitrobenzaldehyd yielded the lactone 
(Tt.° p-NO,’C,H,) only, but both the stilbazole (I1; Rk IH!) and the lactone were 
obtained where R’ mn NOgC Hg. p Anisaldeh yade ind salicylaldehyde vielded, apart 
from intractable material, only the lactones (III ‘ b-MeOrCgH,, R’ == o-HO*CgH,) 
and unchanged starting material in condensations with ethyl ester. With the free 
ac id sali vlaldehyde vielded no product and p-acetam! lobenzalade hyde ay only dark 
tars from reactions with both the acid and its ethyl este: 


EXPERIMENTA! 


Condensation of 2-Methyl-6-phenylnicotinic Acid and B ldehyde t) In the presence of 


valey, 2-Methyl-6-phenylnicotinic acid (0-75 g.), benzaldehyde : and water (0-2 c.e.) 


4 
1 


were heated in a sealed tube at 180° for 10 hi Che produc tirred with water and dissolved 

in the minimum of hot aqueous ethanol (1: 1), to yield 2-(2-hyd y phenethyl)-6-phenylnicotinie 

acid (1; R Bn, KR Ph) (0-5 g.) which, on recrystallisation from aqueous ethanol, formed 

colourless needles, m. p. 176—177° (Found: C, 74-9 N, 4:3. Cogl,,0O,N requires 
5:3; N, 4-4%). 

e presence of acetic anhydride, 2-Methyl-6-phe Inicoti ci 1-26 2.), benzaldehyde 

and acetic anhydride (1-88 c.c.) were refluxed for 8 hr Water (20 c.c.) was added 

um which separated was stirred with eth L (20 « to yield the crude product 

132—147°. ‘This crude product was boiled h ethanol (70 c.c.), the mixture 

and the insoluble 2-(2-hydroxypheneth 6-p/ l i lacto 3 g.), Mm. p. 

ollected Recrystallisation from ethanol gave colou pl E » 194—195° 


Methyluicotimc Acids. Part I. 

. 49. C,,H,,0,N requires C, 79-7; H, 5-0; N, 47%). The 
concentrat 2! c., to yield 6-phenyl-2-styrylnicotinic acid (0-95 g.), m. p 
Recrystalli ion from benzene and then ethanol gave colourless prisms, m. p 
ound: C, 797; H, 63; N, 4-7. CggH4,0,N requires C, 79-7; H, 5-0; N, 4-79 

of I:thyl 2-Methyl-6-phenylnicotinate and Benzaldehyde.—-(a) In the presence of 
ithyl 2-methyl-6-phenylnicotinate (24 g.), benzaldehyde (15-2 c.c.), and zin 
were heated in a sealed tube at 180° for 18 hr rhe resultant brown oil wa 
2n-hydrochloric acid (100 c.c.), to yield a pale yellow sticky solid which on 
from ethanol gave ethyl 6-phenyl-2-styrylnicotinate (13-5 g.), m. p. 100-— 102 
m. p. 106—107° (Found C, 80-0; 
CoH ,,O,N requires C, 80-2; H, 5-8; N, 43% Concentration of the mother 
cond crop which on recrystallisation from ethanol and ethyl acetate gave the 
n. p 104 195 

nce of acetic anhydride Ethyl 2-methyl-6-phenylnicotinate (9-6 g.), benzalde 
acetic anhydride (4-5 @.) were refluxed for 10 hr. The solution was cooled 
hydrochloric acid. lHasification of the acid layer yielded ethyl 2-methyl-6 
tv.), m. p. 44—46°. The residual sticky | was stirred with water and 

to give a crude product (4-5 g m 98—-128°, which was dissolved in the 


from ethanol gave colourle needle 


ethanol and cooled rapidly, to yield 2-(2-hydroxyphenethyl)-6-phenylnicotini 
m, p Hf) 195 The filtrate after concentration yielded ethyl 6-pheny! 
e (1-9 2.), m. p. 106-—107 


Hn, Ph th Acetic Anhydride.—2-(2-Hydroxy 
vas refluxed with acetic anhydride (10 c. for 
oled and boiled with ethanol (20 c.c.) and the solvents were 


t (0-95 g.), m 178—-187°, which, recrystallised from ethanol 


phenethyl)-6-phenylnicotinic lactone (0:26 g m. p. and mixed m. p 


lcohol v distilled from the filtrate, and the residue recrystallised from 
2-styrylnicotinic acid (0-29 g.), m and mixed m. p. 202—203 
(Lil; RR’ Ph) with Aqueou {celic Aci 2-(2 Hydroxyphen thyl 
lactone (0-5 g.) was refluxed with acetic acid—water (4:1; 10 c.c.) for 1 hr 
left for 4 day > crude product which separated was collected and re 
wqueous alcohol, give 2-(2-hydroxyphenethyl)-6-phenylnicotinic acid 
id mixed m Pp 176 
of 2-Methyl-6-phenylnicotinic Acid and tts Ethyl Est with Substituted Ben: 
tyvobenzaldehyd Ethyl 2-methyl-6-phenylnicotinate (2-41 g.), p-miti 
and acetic anhydride (1-1 g.) were heated together for 8 hr. at 170—-180 
was stirred with 2n-hydrochloric acid, to give the crude product 
tallisation from ethyl acetate and from ethanol yielded 
ytinic lactone (III; R’ p-NO,’C,H,) (1-67 g.) a 
H, 3-6 ; , ),N, requires C 
(4:3 g.), p-nitrobenzaldehyde (3-6 g.), and acetic anhys 
ider reflux for 6 hr. at 200-—2 The mixture, which had 
is allowed to cool and then ground y iter (20 c.c.), and the 
enethyl)-6-phenylnicotinik lactone I] hk p-NO,4’C,H, 
Cr tallisation from et 
uldehyd 2-Methyl-6-phenylnicotinic a m-nitrobenzaldehyde 
tic anhydride (6-0 g.) were refluxed for 8 hr » semi-solid residue was ground 
filtered, washed with ethanol (20 c.« in I lissolved in the minimum 
600 Cc. The solution was cooled rapidly, to give 2-(2-hydroxy 3’-nitrop) 
IT] R’ m-NOC,H,) (7-3 g I ». 178—181 Recry 
m. p. 178—179° (Found 3-9; N, 8-4%) 
ind left for several hou ield 2-3’-nitrostyryl-6-ph 
7:95 g m. p. 20] 4 ystallisation from ethyl] 
C, 69-7 


tilbazol vere | 
ation of ethyl 2-methyl-6-phenylnicot 


Kthyl 2-methyl-6 phenylnicotin ite (2-4] 
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and acetic anhydride (1-1 g.) were refluxed for 8 hr rhe residual brown oil was dissolved in 
ether, and the ether solution extracted with 2n-hydrochloric acid. Basification of the acid 
extract yielded ethyl 2-methyl-6-phenylnicotinate (1:9 g.).  2-(2-Hydrovy-4’-methoxyphen- 
ethyl)-6-phenylnicotinic lactone (III; R’ = p-MeOrC,H,) (0-23 g.), m. p. 155—157°, separated 
gradually from the ether extract. Recrystallisation from butan-l-ol gave colourless plates, 
170-5—171-5° (Found: C, 75-6; H, 5-2; N, 4-4 C,,H,,O,N requires C, 76-1; H, 5-1; 
4-29 
rhe same product was also obtained in higher yield (14°) in a condensation of 2-methyl-6 
phenylnicotinic acid 
(d) Salicylaldehyde. Ethyl 2-methyl-6-phenylnicotinate (2-41 g.), salicylaldehyde (1:46 g.), 
ind acetic anhydride (1-0 g.) were heated at 180° for 8 hr. 2Nn-Hydrochloric acid (20 c.c.) was 
idded and the insoluble dark brown oil extracted into ether The acid extract was basified, 
giving ethyl 2-methyl-6-phenylnicotinate (0-9 g.) [he ether extract was concentrated to give 
a brown oil (1-92 g.) which on trituration with methanol yielded 2-(2-hydroxy-2’-hydroxyphen 
ethyl)-6-phenylnicotinic lactone (0-4 g.), m. p. 91-94", and on recrystallisation from ethanol 
plates, m. p. 98-—99° (Found: C, 75-5; H, 53 1, 44. Cy ,H,,O,N requires C, 75-7; 
N, 44%). 
thyl 2-(1 ; 2-Dibromophenethyl)-6-phenylnicotinat Bromine (0-9 g.) was added to a solution 
of ethyl 6-phenyl-2-styrylnicotinate (1-6 g.) in acetic acid (20 c.c.). Decoloration was almost 
immediate; the mixture was refluxed for 0-5 hr. and left for 3 days; the product (0-65 g.), m. p. 
176—178° (decomp.), was then collected. The filtrate was diluted with water and extracted 
with ether, and the ether evaporated to yield, after trituration with alcohol, crude unchanged 
ethyl 6-phenyl-2-styrylnicotinate. The solid ester, m. p. 176—-178°, was recrystallised from 
ethanol, to give colourless prisms, m, p. 180—-182° (Found: N, 3-0; Br, 30-7, Cy,H,O,NBr, 
requires N, 2-9; Br, 32-8%). 


PHe TecHNIcAL COLLEGE, NOTTINGHAM , ed, December 19th, 1965 


349. Oxazolopyridines and Oxazoloquinolines. Part I. 2'-Alkyl and 


2’-Aryl Derivatives of Oxazolo(4’ : 5'-3 : 4)pyridine and Oxazolo(4’ ; 5'- 
3: 4)quinoline. 
By JAMES FRASER and E. TITTEN 
Che nthesis and some reactions of « rolo(4’ : 5-3: 4)pyridine ind 


oxazolo(4’ : 5-3 4)quinolines are described 


In an attempt to synthesise 2’-substituted oxazolo 5'-3: 4)pyridines and oxazolo 
(4’ : 5'-3.: 4)quinolines the standard methods used in the benzoxazole series, viz., heating 
o-hydroxy-amines with amides, nitriles, carboxylic aci esters, or acid chlorides, proved of 
no value. Equally unsuccessful were attempts at cyclodehydration of hydroxy-acylamino 
compounds by phosphoryl chloride, the yields being extremely poor extension of the 
method generally used for 2-methylbenzoxazoles, 2’-methyloxazolo(5’ : 4’-2 : 3)pyridines,':* 
ind 2’-methyloxazolo(4’ : 5’-3 : 4)quinolines,? namely, refluxing o-hydroxy-amines in acetic 
unhydride, to the use of a variety of aliphatic and aromatic acid anhydrides, gave moderately 
«1 yields of the desired oxazolopyridines and oxazoloquinol It has not been possibl 

to prepare the parent compounds, for although 3-amino-4-hydroxy-pyridine and -quinoline 
ld formamido-derivatives in refluxing formic a have not yet been cyclised 


poth yi 
The oxazolo(4’ : 5'-3; 4)-pyridines and -quinolines a1 ids, the 2’-alkyl derivative 
i characteristic odour rhey readily form cry line monomethiodide At room 
perature 2’-methyloxazolo(4’ : 5’-3 : 4)pyridine is lydrolysed rapidly by N-hydrochloric 
t is stable to water and aqueous sodium hyd: Unlike 2-methylbenzoxazol 
» stable to boiling water and in this resemble n iyl-5- and 2-methyl-7-nitro 
<azole which according to Phillips * can be re« rom hot water containing 
etic acid 
|. Pharn 0c, Japan, 1944, 64, 201 
to and Takahas! bid., 1951. 71, 169 
Welton, Jenki ind Christian, /. An 


ano JH8O 


1782 Fraser and Tittensor : 


Skraup et al.®® observed that 2-methylbenzoxazole condensed with benzaldehyde 
although they did not characterise the product. They also found that it did not react 
with dimethyl-p-nitrosoaniline, nitrous acid, or diazonium salts, and that it was oxidised 
by aqueous potassium permanganate to benzoxazole-2-carboxylic acid. 2’-Methyl 
oxazolo(4’ : 5’-3 : 4)pyridine condenses with benzaldehyde to give a styry] derivative. It i 
decomposed by aqueous potassium permanganate and does not react with the other re 

ts mentioned. Attempts to oxidise the 2’-methyl group by means of selenium dioxid 

to convert it into a bromomethyl group by means of N-bromosuccinimide failed 

Improved syntheses of 3-amino-4-hydroxy-pyridine and -quinoline, in which reduction 

best accomplished by hydrogenation of the corresponding nitro-compounds by 


dised charcoal, are described 


I. XPERIMENTAI 


t-hydroxyquinoline A suspension of 4-hydrox, quinoline (3 g.) and 10 


charcoal (1 g.) in methanol (100 c. wa haken with hydrogen at atmospheri 


intil absorption ceased Kemoval of the catalyst and evaporation under reduced 
an atmosphere of nitrogen gave the light-brown product (2-4 g.) which was us¢ 
further purification The acetyl derivative had m. p. 283-—284° (Ochiai and Og 
p. 285 
tmino-4-hydroxypyridine 4-Hydroxy-3-nitropyridine f ‘ reduced as abo 
ol (100 c.c.), with 10% palladised charcoal (1 g Phe oduc vas obtained as col 
pale purple prisms (7-4 g.) which oxidised in ait The » tyl derivati 
formed colourless needles from aqueous acetone (Found 49-7 H 
H ,O,N,,H,O requires C, 49-4; H, 5-4 N, 16-5°,) 
Preparation of 2’-Alkyloxazolo(4 5-3 : 4)-pyridine and -quinoline \ mixture of ¢ 
Oo pyridine or -quinoline (0-04 mole) and the acid anhydrid 0-2--0-3 mol 
24 hr., cooled, and stirred with ice-water (300 c. olution wa 
odium hydroxide with cooling, and extracted with ber 6 50 cx rhe « 
tracts were washed with saturated aqueous sodium chloride (2 and dried 
ration under reduced pressure gave a coloured product whi va ystallised (char 
ht petroleum (b. p. 40-—60°) Phe products are tabulate 


FABLE | Product 


ormula 


yridines and i \ mixture of 3 
pyridine or -quinoline (0-01 mole) and the aci I i 0-03 mole) was he 
{00° in a flask fitted with a wide air-condenser an " rature ke pt there 

Bohm, Ber 1926, 69, 1007 


Moser, Her 1922, 55, 1080 
wura, /. Phar) 
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15 mit The cooled melt was dissolved in benzene (200 c.c.) and extracted with ice-cold 2n 


hydrochloric acid (3 20 c.c.). The combined extracts were filtered and basified with aqueous 


odium hydroxide Che white precipitate was collected and crystallised from acetone. Pro 


luct re tabulated 
FABLE 2. Derivati 
Kequired 
( 
34°8 


37°2 


M. p Solvent 


147—148° * 
146-—147°* 
94—-96-5 4 
279—280 * 
226—227°5 
234—235 
267-5—268:! 
253°! 
216—217 
193—194 
260-—261 
238—240 


251—252° 


ava 


~1 
Seas 


ee ee Oe Oe 


PsJ-3-IS & 


I¢ 


1 2N,! 


17H ,,ONCH 


250—251 


P ” \ 
130-—131 eH ON, 
) KO « . 
251—-252 19? 8 yee 


absolute alcohol 


9’. Methyl ) 5’-3 4) pyridin \ lution of the oxazole 


cid (4-0 cx was kept at 25° for 2! in basification with aqueous sodium 
traction with ether unchanged oxaz was recovered Phe aqueous 


ralised with acetic acid and cooled in 1 icetamido-4-pyridone (needle 


ind mixed m. p. 213-214 
vas recovered from refluxing 
4’: 5-3: 4) pyridine 2’-Methyl o(4’ : 5-3: 4)pyridine 5 g.), freshly 
chloride (0-3 ere refluxed for 5 hr. (bath at 170 


iqueou ition after 30 min 


zaldehyde (3 c.c.), and zine 
vas diluted with benzene (20 c. 
ombined acid layers were basified wi 


) and ey | with 2n-hydrochloric acid (2 10 
ium hydroxide rhe resulting yellow 


crystallised from aqueous acetone e colourless needles (0-06 g.), m p 


76-0: H, 4-7; N, 12-9 ep IN, requires C, 75-7 H, 4:5; N, 12:6% 
3-Benzamido-4-hydroxyquinoline ! j horyl Chloride 3-Benzamido-4 


g.) was refluxed with phosphoryl chloride (10 c.c.) for 2 hr The 


evaporated under reduced pi i ind the residue, a very viscou 


hydroxide rhe ma 


+} 


with ice-water and basified with jueou odium 
nd after 3 hr. was collected ( tion from acetone gave 2’-pheny! 
4)quinoline (0-1 g.), m. p, 168-169 
2: 8-dimethylquinoline Hydr / ydroxy-2: &-dimethylquino 
olved in warm 5n-sodium hydroxid id the solution diluted with 
woled to 5 A solution of benz diazonium chloride, made from aniline 
ind with stirring, the te below 5°; the mixture 
il by addition of ice-cold 5N-h i i¢ resulting copious red 
cted, washed with water, itor, The crude 
ve was heated for 2 hr. on Ca 
nnou hloride (26 g After « t Ow precipitate wa collected, 
iter, and freed from tin by tre 
filtrate to about 300 c.c. and keey 


imethylquinoline hydrochloride 


nceentrated hydrochlori 


drogen ulphide ind filtration 
olourle needles of 3-amino 
elyl derivative, prepared by 
te t ] ol lution of the hydrochloride, 


Found ( 62-7 H, 6-3 


ide followed by sodium acet 

queous ethanol as needle I 
N,,H,O requires C, 62:9; H, 6-5 

azolo(4 5’-3 : 4)quinolin S.A hydroxy-: 8-dimethylquino 

89 g.) was refluxed with acet! | 30 cu n nhydrous sodium 


67 
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acetate (1-2 g.) for 4 hr. ee ee 

2 : 6-trimethylozazologuinoline was obtained as pale-yellow 
RE NG ane (Found : C, 140; H, 67; .N, 13-0. C,,H,ON, requires C, 73-6 ; 
H, 6-7 lb 


Norrincnam & Distaict Tecunicas Coni.xon, (Received, December 31st, 1955.) 
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(350. The Structure and Reactions of Dinitrogen Telroxide.* 
By ZortAn G. Szané, Lajos G. Baxrna, and Béta Lakatos. 


A study of the reaction between dinitrogen’ tetroxide and iodide ions as 

a function of the iodide-ton concentration, . ture, dnd pressure shows 
. that, ib addition to the symmetrical G,N-NO its monopier, a tetroxide © 
of another structure is present. Structural, Hinetic, and energetic considera- 
tions unequivocally show that this teenie Jo the ring molseale Suggested 
by Longuet-Higgins. The results inelnde eviderice that an equilibrium occurs 

between the three types of molecule (see Scheme A). 

The other structure which may play a role in the formation of the tetroxide 
(11), vis., niteosoniam nitrate, can be regarded only as an intermediate state. 
From the Longuet-Higgins molecule nitrosonium and nitrate ions can be 
formed via the nitrosonium nitrate (see Scheme B, p. 1793), 

On the other hand, on interaction of NO* and NO,~ ions nitrosonium 
nitrate is formed and ring closure gives the Longuet-Higgins-molecule. 

Concerning the kinetics of the reaction it has‘ been concluded that the 
nitrogen’ dioxide dissociated fromt the tetroxide (f) determines’ the velocity 
of the aera ee Tem E 


hy 
NO, + N,0, $= ONO, ‘NO + NO,; NO, + I- ate xo,- “aM, 


Pine Soldat Hansen ‘Whicrirs: Gil Weticpitine “wecslachit (II) to be formed via 
the intermediate (IIT) ‘which dissociates as shown (p. 1790). The high 
concentration of the tetroxide (II) (31% at 0°) ‘favours the formation of 
| onguet-Higgins’s type of molecule again rather than of nitrosonium nitrate, 
as no Appreciable dipole moment can be detected. 


Tae consistent interpretation of experimental data obtained for the physical and chemical 
properties of dinitrogen tetroxide was rendered extremely difficult by the 
between ‘the symmetrical structure (I) established on the basis of physical measurements ' 
and the conan drawn from chemical reactions,* according to which the structure of 
dni betsosride coms poly be cane. frees, Wive® ine Senki). ait My... an, the pe, hand, 
,' and NO,-, on the other, can be simultaneously derived 

a onder to reconcile the physical and chemical properties of dinitrogen tétroxide, 

Addison and Lewis * and also Seel et al.¥ assumed an equilibrium between the symmetrical 


*R n abstract at the First Hungarian Physicochemical Meeting, Szeged, 1954; cf. Magyar 
Kim. Fi ydiral, 1965, G1, 161. r 


: Broadly and Robertson, Nature, 1949, 164, 915, Infrared and Ra 
, Won » 105: 343: and Ring, J. bevy oe 198d, 


Pi 
: presence of ion th ". 8, Jones 
(4) With labelled alkylammonium nitrates ; Ane ike 
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tetroxide favoured by physical methods, the ring structure proposed by Longuet-Higgins,* 
and nitrosy! nitrate.¢ 

During the investigations direct experimental evidence has been fouid for the 
existence of such equilibrium pala cachet tetroxide : 


SC oO. 
C ONSO = 02 n> 
°” No 


(ily 


On the basis of kinetic measurements we conclude that tetroxide (II) arises through the 
intermediate nitrosonium nitrate and ma be identified with the structure suggested by 
Longuet-Higgins. The dependence of the* reaction’ between dinitrogen tetroxide and 

aq solution on iodide-ion concentration, temperature, and pressure 
hes beam xnav © laine Sens Sap ine Seneng eqeleniom, if real, woul, Pe. Yeey 
sensitive to such variations. depending 
on the parameters referred to above, various 
amounts of nitrate, nitrite, iodine, and nitrie oxide 
have been determined. 


, EXPERIMENTAL 


Apparatus and Technique.—The reaction vessel was 
a 40 x 4 cm. glass tube (Fig. 1), the open end of 
which was closed by a three-bored rubber plug after 
it had been filled with the required quantities of 
reactants. In the middle bore of the @ glass rod 
(A) was inserted, the lower end of terminated 
in four claw-like _ points (D). 


When reaction was complete, the iodine,.nitrate, nitrite, and nitric oxide contents of the 
mixtures were determined. 
After the tube C had been attached by means of ground joints to 4 |. gas-analytical test- 


hydrogen peroxide 
oxidize it to nitric acid, which was determined alkalimetrically." 


° The concentration of potassium iodide solution is throughout given in . per 100 ml, of solution. 


mayne, Mi Nature, 1947, 150, 743. - 
‘ « Addioon, Lana and Thompeon, +, 1961, 2638. 

: Klemenc and Hupp, eds San ive ., 1930, 104, 51. 

* Szabé, Z. analyt hem. 

7 Moser, tbid., i011, 50, 428; Secke ond Barts, Analyt. Chim. Acta, 1052, 6, 416. 


1786 Szabé, Bartha, and Lakatos : 


lodine was determined by titration with sodium thiosulphate. 
eats nae eee ste Sheeatnanes SY arenes son eneee SS 8. STN 16: SEND 


In another sample the contents of both were determined 
hoth the nitrate and the nitrite were reduced to ammonia by ferrous hydroxide in the presence 
of copper as catalyst, and the ammonia was distilled into standard acid.”* 

Reaction between Dinitrogen Tetroxide and Iodide Ion.—Dodé * and Seel et al.™ have discussed 
the reaction between dinitrogen tetroxide and iodide ions in detail, The reaction leads to 
formation of nitrite, nitrate, nitric oxide, and iodine, according to the two principal processes : 


ND, 4 Si ep MO Ty ee eh) 
NO, + 1-—- NO +NO+M, «we es 


From the two studies it became evident that during and after these two principal reactions, 
other processes occur. Nitric oxide, liberated according to (2), reacts with unchanged di- 
nitrogen tetroxide to give dinitrogen trioxide: 


2NO + NJOyamt 3N0, 1. - » 2 es o 2 eo e 
Further, the iodine and the nitrite react thus : * 
2NO,- + $l, aM NO, +NO+I- 1... 
and this reaction competes with the tri-iodide equilibrium (5) for the iodine : 

1 de ee ohne te Ae ee 

Dodé * considered reaction (2) to proceed, not directly, but through hydrolysis : 
N,O, + H,O = HNO, + HNO, ge BT PR a ee 
HNO, + HNO, + KI = KNO, + NO + $I, + H,O — eee 


and, in addition, he assumed that the nitrous acid formed during hydrolysis, before further 
reacting, undergoes partial disproportionation : 


3HNO, “a HNO, -f 2NO f H,O . . . . . . . (8) 


In this process, however, the possibility of hydrolysis must be excluded fur, according to 
our investigations ** and those of Denbigh and Prince, this hydrolysis is much too slow to be 
of significance here, The great difference between these two rates of reaction has already been 
mentioned by Prahl and Raschig," and, moreover, in discussing an analogous reaction involving 
the NO,-NO mixture and alkaline potassium iodide, they proved that hydrolysis does not play 
any role in the process. Our investigations on the dependence of hydrolysis on temperature 
and pressure ™ also undoubtedly prove these relationships. According to our further experi- 
mental evidence, hydrolysis occurs only if 1 mole of the tetroxide reacts with less than 
1 g.-ion of the iodide, 

Finally, under the same experimental conditions, i.c., with minute iodide concentration, the 
nitrite formed in reaction (1) is oxidized by the excess of dinitrogen tetroxide to nitrate : ° 


N,0, So 2NO,” —> 2NO,~ 4 2NO . . . . . . (9) 


This side reaction of the tetroxide has also been studied in « separate series of experiments. 
In a concentrated solution of alkali nitrite, dinitrogen tetroxide vas caused to react by the same 
technique as for the iodide reaction. The gases evolved were absorbed by sodium hydroxide 
in which, besides nitrite, only an excess of nitric oxide was found. On increase of temperature, 
the concentration of the nitrite formed increases linearly while the quantity of nitric oxide 
diminishes, 


* Dodé, Bull. Soc. chim, France, 1942, 9, 449, 461. 

* Seel of al., ref. 2b. 

* Szabé, Bartha, and Lakatos, Acta Chim. Acad. Sci. Hung., in the press. 
8 Prahl and Raschig, Z. angew, Chem., 1029, 48, 253. 
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The possible reactions are as follows : 
N,O, + NO, — NO, + N,0, 
NO, + NO, —®» NO, + NO 
NO, + NOwMFN,O, . . . « « + «© + « (08) 


It must be assumed that, at a higher temperature, reaction (9b) prevails over (94). However, 
the excess of nitric oxide can be considered as a result of reaction (9) only if reaction between 
Co ee eee ee ee eee 
all available evidence. In order to interpret the excess of nitric oxide, therefore, besides the 
above three processes, further reactions must be assumed which may lead to formation of 
nitric oxide. Disproportionation of nitrous acid, formed by hydrolysis of the tetroxide,? may 
be considered as such a process; i.¢., the rate of hydrolysis decreases with rising temperature, 
and, accordingly, the amount of nitric oxide resulting from disproportionation of the nitrous 
acid will do so, too. Hence, at a higher temperature, the excess of nitric oxide is smaller. Now 
it follows from the foregoing that, with nitrite ions present, hydrolysis of the tetroxide would 
be comparable with, or even more rapid than, the oxidation of nitrite. On the other hand, 
from this it necessarily follows also that, since reaction with the iodide proceeds by orders of 
magnitude more rapidly than the hydrolysis, the rate of reaction between the tetroxide and 
iodide ions is much higher than that between the tetroxide and nitrite. 

On the basis of these experiments it is obvious that: under the above conditions oxidation 
of the nitrite ions by the tetroxide cannot take place. In addition, however, a more rigid proof 
can be made based on the above experiments, namely, that, in reaction between the tetroxide 
and the iodide, the nitrate arises from a primary reaction and not through a secondary oxidation 
of the nitrite formed likewise in a primary step. 

Obviously, all these reactions exert a greater or smaller influence on the ratio of nitrate to 
nitrite produced in the two principal reactions, Menen te drow ane Ceenan ee 
ratio on the influence of iodide-ion concentration, temperature, and pressure, all side 
reactions must be eliminated or minimized, This was effected by suitable choice of experimental 
method and conditions, With the present technique the whole of the dinitrogen tetroxide 
undergoes reaction with the iodide ions, and the relatively good reproducibility of our results 
shows that side reactions have been suppressed. All runs were done in duplicate or triplicate 
and the reproducibility was within + 2%. 


Results 
Effect of Ilodide-ion Concentration.—These experiments were carried out at 0°. The results 
(Table 1 and Fig. 2) show that, other conditions being unchanged, with rising iodide-ion concen- 
tration the quantity of the nitrate produced diminishes, and that of the nitrite increases. 


TABLE 1, Effect of iodide-ion concentration. (Temp. 0°.) 
N N,O, (%) converted 
KI or WS H 
(%) ff, NO,- NO, NO 
66 03240 62:7 37-2 «36-6 
85 031038 66-0 310 316 
O1818 68-8 20-6 831-4 


93 8 O3116 60-3 02 200 
01437 60-1 04 8310 


* The totals are based on the nitrite plus the mean of the nitrate and nitric oxide. 


Effect of Temperature (see Table 2).—These experiments were carried out in 10, 26, 36, and 
50%, solutions of potassium iodide, covering a temperature range 0--60°. With 10% m 
iodide, between 0° and 10°, the quantity of nitrate increases rapidly, at about 10° it passes 
through a maximum, then decreases gradually. The nitrite produced varies inversely, showing 
a minimum at 10° (Fig. 3, Curve 4), 

With 25% potassium iodide solution the results (Fig. 3, Curve B) are similar, but the 
maximum and the minimum both appear at about 15° and are somewhat lower than those 
obtained for the 10% solution, 
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With 36% potassium icdide (Fig. 3, Curve C), at first, the variation of nitrate is the same as it 
is subsequently after the maximum. ee oe etn at ies nome. 
The maximum, found at about 15°, is considerably lower than that mentioned above. The 
amounts of nitrite vary in the reverse direction throughout. 


3 


ye. es. 
N,O, (%) converted into (A) nitrite and 
(B) nitrate. 


3 


tS 


Trensfermed N,0, (%) 


fa a. Pa “ woe bs we ad 
2a 40 60 $0 00 
Concentration of Ki (%) 


TaBLe 2. Effect of temperature. ns 
Ng, (%) converted » N,O, (%) comverted 
into ; into: 


Total’ rie 
NO NO 4%) % 299! NO,” 
/ (a) 10%, KI Solution; - 
(9 478 760° ' ot 20% a0 
77-0 » L 4 ; 
760 764 
788 706 
796 79-8 
83-8 83-2 
83-0 82:8 
, 160, 726 : 
“16 Th? 1006 
) 36% KI Solution. 
; . 20... Q 7492 
0:7987 
40 07560 
+ 08361 
60 §=—0-7709 
0-7256 


S28 BB 
“Ite tt tS 


KI Solation. ‘ 
16 0-094 
20 06741 
25 0-7106 


% KI Solution. 
6% bb 595 = 40-0 
601 39-4 
40 670 © 33-2 
68-9 «= 314 
60 12:5 27-6 
12-7 29-8 


* See footnote to Table 1. 
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Race nee en 2 en ete A 8, Curve D). With 
of dinitrogen tetroxide converted into nitrite increases 


rising temperature, the percentage 
pear napialenih i annonanraagieusmapetebupne ts thoprynennsberas 


troxide (%) 


ogen fe 
3 


Fic. 3. Transformation oa seme of N,O, in KI 
Conon. (%) of KL solu. : 2 «35 


= 


Trensfermed dinitr 


Ee LY” Ae A I a 


Ve mperet ure 


wilh h Lhe ie —Some experiments were carried out at a pressure. corresponding to the 
vapour tension of the potassium iodide solution: the reaction changed in type, the nitrite 
becoming the principal product (see Table 3). . 


Taste 3. Effect of pressure, (Experiments in 25%, KI solution; temp. 0°.) 
N40, (%) converted into: rota} N,0,(%) converted into: Totai 
NO” NOS NO. (%) Pressure NOy . NO NO (%) 
48 (656 «666 1009 8 V.p.ofKIsoln. 807 102 102 990, 
32 8660 «66567 = |6(900 00°6 96 ‘10-4 100-6 


The experimental observation that, other conditions being unchanged, with increasing 
quantity of dinitrogen tetroxide, the amount of nitrate produced increases while that of the 
nitrite diminishes, may be attributed to the effect of pressure. With smaller concentrations 
of tetroxide the opposite course is observed, nelly cere nenEnn AD SET 
aia adhe Reda niitaabis sec ncririe er amcummn tetas 


Discussion 
Equilibrium between Dinitrogon Tetroxide and Nitrogen Dioxide.—The experiments 
summarized above may be as follows. 
It is only the nitrogen radicals, and the tetroxide (II), or rather the nitrosonium 
and nitrate ions split off from this molecule, that are involved in the reaction with the 
meanniveat ax Reaction (1) (p. 1786) proceeds with the nitrogen dioxide radicals : 


| WW 41 ee WO Bly cei 6 tee) OM 
Reaction (2) really involves nitrosonium ions : 
ee ae WO fie eee crqtee s oF oh 
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The effect of iodide-ion concentration therefore may be explained as follows. At first, 
both the dionide and the ions produced from the tetroxide (I1) react: with the 
iodide ions. , the dinitrogen tetroxide of structure (I) (which cannot react 
directly), dissociates to replenish the reactive species. However, the increase of iodide-ion 
concentration results in a steadily diminishing possibility of establishment of equilibrium 
) (see p. 1785) as well as in the steadily decreasing amount of nitrogen dioxide capable 

of becoming tetroxide (II), owing to the Prerenmerss reaction with the iodide ions. With 
lower iodide-ion concentration, more nitrogen dioxide molecules can be transformed into 
tetroxide (II), so reaction (2a) asserts itself more intensely. A high iodide-ion concentration, 
therefore, facilitates formation of nitrite and, conversely, a low one favours production of 
nitrate. 

The establishment of equilibria is indicated also by the effect of temperature on the 
concentrations of the end-products. For 10, 25, and 36% potassium iodide the results 
were as expected. Those for 10% potassium iodide were of particular interest : on 
increase of temperature, the quantity of nitrate at first increased rapidly ; with increasing 
nitrogen d. concentration, more and more nitrogen dioxide was converted into 
dinitrogen tetroxide of structure (II). The percentage, however, of the dinitrogen tetroxide 
transformed into nitrate diminished after having reached a maximum; at higher tem- 
peratures, tetroxide (II) partly a pee to nitrogen dioxide again, ‘fewer and fewer 
molecules breaking up into ions, #.¢., into components involved in the ‘' nitrate ’’ reaction. 

With 50% potassium iodide, however, the reaction proceeds differently. On rise of 
temperature, increasing amounts of nitrogen dioxide arise from structure (I), but establish- 
ment of equilibrium (5) is limited for the same reason as is given for the effect of iodide-ion 
concentration. Owing to the extremely high iodide-ion concentration, most of the nitrogen 
dioxide undergoes reaction with the iodide ions rather than conversion into tetroxide (II), 
so there is no maximum value of nitrate. To a smaller extent, the similar limiting role of 
the iodide-ion concentration is manifested in the experiments with 25 and 35% potassium 
iodide, as shown by the constancy (in 26% potassium iodide) or decrease (in 35% solution) 
of dinitrogen tetroxide converted into nitrate before it can reach its maximal value. 
Results obtained for 35% solution particularly illustrate the effects of the two rival 
factors, (i) iodide-ion concentration and (ii) temperature, on the concentration of structure 
(II); the quantity of nitrate, after an initial decrease, sch again to reach a maximum, 
thus showing the superiority of (ii). For a 50% solution, there is no trace of such 
a maximum. 

The results of variation are also consistent. On decrease of pressure, the 
equilibrium N,O, (1) = 2NO, == N,O, (II) undergoes a shift in favour of the nitrogen 
dioxide, so the concentration of the N . (il) yielding the ions decreases, the “‘ nitrate ” 
reaction being inferior to the “ nitrite ’ reaction. 

Mechanism of Reaction: Kinetic Considerations.—It is only the nitrogen dioxide 
radicals and the tetroxide (11), or rather the nitrosonium and nitrate ions split off from the 
latter, that are involved in the reaction. The velocity of the whole transformation is 
determisied by the following two reactions of the nitrogen dioxide: (i) in one a portion 
reacts with the iodide ions, (ii) in the other it is converted into tetroxide (II) to react 

: further, after dissociating into ions. 

me ab7 The data now are consistent with the consider- 

— --—-——-N ation that the nitrogen dioxide radicals thermally dissociated 


N 
so” \g from the tetroxide react, not with one another, but with an 


a pe undissociated tetroxide to form the intermediate (III) by 

“N what may be regarded as bimolecular gas reaction (10). 

Ng (inh Owing to the fact that neither the ror ser (I) nor the 

nitrogen dioxide * reacts with water, to a first approximation 

water may be considered as an indifferent medium but, since the reaction is between 

polarized systems, the action of water may be merely one of physical catalysis. The 

cy According Prince’ perimen: Me tetroxide is slower 

at 25°. This tect, po wel why euthese’ cuedecan nydrol ysis of sotvoniée. asad that Fes Rho 

dioxide fails to undergo hydrol hydrolysis. 
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decomposition of the intermediate (III) yields the tetroxide (II), as shown. On the basis 
of this consideration, therefore, the mechanism of the two reactions of nitrogen 


dioxide is as follows : 


. | 
NO, + N,O, === ONO,yNO + NO, . . (0) 


NO, + I> > NO, +$1, - «© © « « «© lla) 
Whence dy/dt = k,[N,O,)([NO,) and dx/dé = k,{NO,)[I-] 
where (NO,-] = y and [NO,-] = x 
Putting [N,O,) = [N,0,]. — $[(NO,-] — [NO,~] =a — jx —y 
and [I-] = [I-}. — [NO,-) — (NO,-] =b —x-y 
we have, on division of dy/d# by dx/dé : 
dy|ds = hy(a — 4x — y)/hgld — x —y) 


As the iodide-ion concentration is virtually constant during any one run, this equation 
can be reduced to : 


y/dx = ky[NgO,)/hglI-] = kya — §* — y)/hyl TJ 
Solution of this equation, with y,..9 = 0, gives 
y = (4 + 1/2A)(1 — e~4*) — 2/2 
where A = hy [hgh = x/b and « = h,/h, (i.¢., « == Ab) 


If the initial iodide-ion concentration is high, then, since A < 1, e~4* can be put equal to 
1 — Ax, giving y =~ aAx, whence « = by/ax. The « values thus calculated are summarized 
in col. 4 of Table 4, which also gives the values from Table | in terms of molar concentrations. 


Concns. (10°* moles /I. {I~} = b 
N,O, = @ ae = ¥ No,- ay ax s molest} 
. 2-502 . 
2-286 
2-216 
1-912 
2-236 
1-478 
1-346 
1-314 
0-600 
1-030 
1-052 1-262 
0-478 : 1-246 


The values of by/ax are nearly constant if the quantity of tetroxide a is nearl 
It follows from the experimental method that, because of the large excess of 
the concentration of tetroxide is independent of the quantity of N,O, used 
tetroxide reacts in a larger volume. Therefore, the tetroxide concentration may 
regarded as being constant and can be introduced into x. So the values &,/k, are constant. 
On the basso this consideration, therefore, the quotient xy shold be a linear function of 
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represents, not only the hell bots ston ie Sentreee tn te rentonte st 
other processes. Since, if the di (LI) transformation controlled the rate, 
sachin vddociey, ike Aisemmncon nad bd Fe tia sane hat dating the 
r velocity. Thi : assumption ; t 
reaction, not an ium but a ration e is involved, so that the rate of dioxide- 
tetroxide (11) transformation as well as that of the dioxide-iodide reaction is greater than, 
or at least equal to, the peter a9 we bysoouree Cy ss bg gree — that go pom 
energy of the processes consuming cannot t », U¢., the energy 0 
activation of the reaction NSO, —» 2NO,.* 

By assuming this stationary state, the results can be rein . Increase of tem- 
perature gives rise to an increase in dioxide concentration, and, fore, also the reaction 
NO, + O,N‘-NO, —® ONO, NO + NO, yields more tetroxide (II) and the amount of 


Fie. 4. 


aot 


= 4 i i L j 
20 40 60 60 400 
Concentration of K1(%) 


nitrate increases. Above a certain temperature, however, the nitrogen dioxide-iodide ion 
reaction becomes faster than the rate of formation of tetroxide (II). Thereafter the 
quantity of nitrate decreases steadily. 

The reaction between tetroxide (I1) and iodide ions was assumed to be very rapid, being 
faster than that between dioxide and iodide ions. A number of analogous reactions, ¢.z., 
between potassium iodide and chlorine ¥ or chlorine dioxide," as well as the fact that these 
processes do not take place with perfectly dry potassium iodide, indicate that the electron 
transfer can only take place after the tion of the electron system of the dioxide 
molecule. On the other hand, the reaction between the Longuet-Higgins structure and the 
iodide ion may be regarded as a reaction between an ion and a quasi-ion and so is extremely 
rapid. This assumption is supported by the consistency of calculations based upon it. 
Nevertheless, these kinetic considerations and results confirm the fact that the Longuet- 
Higgins formula cannot t the total amount of the tetroxide, for if this were the 
case one would have ebtaleed 3 much more larger quantities of nitrate, increasing with 
increasing iodide concentration. 

Structure of Dinitrogen Tetroxide (11).—On the basis of the various reactions of 
dinitrogen tetroxide, as already mentioned, it became necess&ry to assume, in addition 
to the known tetroxide structure (I), the existence of a structure which would explain the 
almost invariable formation of nitrate. This structure is the Longuet-Higgins formula, 
while the nitrosonium nitrate, as proposed inter alia by Seel ef al.,” must be regarded as an 

edt.” and Davideon, J. 5. Chem., 1953, §7, 418. 


'* Parsons, /. Amer. Chem. ., 1925, 47, 1817 
 Seabé, Beck, and Bergh, unpublished. 
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intermediate stage in the reactions. Tetroxide (I), eo st ease 
Scot, with Suteroptlarar steddgiprpulie paitean ent olitrtempedbry-adtiien ot Geamrnan 
of 


pla perineal ith temporary 
critical complex, poor prem atnin the nitrosonium 


| - - fomn:) +x" ica 
x" + niin —- «fm - food ‘Powmele 


O=N-x: 
It appears from the mechanism that, in the Longuet-Higgins formula, the N* is able to 


atoms, the N-O bond will break. Depending on 
a Aes LF ng Sati, ee If the reaction partners are 
o polar character, fission Longuet-Higgins ring proceeds more symmetri- 
cally, in the NO,’ and the NO,- direction.'* 
_ In interpreting the dinitrogen tetroxide reactions, the intermediate existence of 


i ‘ single unpaired ion, and moreover, ‘poth of them 
ted only with difficulty, Hence, the reaction proceeds as follows : 


== [e-i 4] 


\ 


ie: a ; “hp 
—N 2NO cg P 
Such « commee fe renderell pessible also by the fact thet it colmeponds to the inciple of 


tending to reach a state of minimum . For during the from the lar 
nitrosonium and nitrate ions towaenetin tetroxide, the pate maton decreases 


steadily. 


GD 


When establishing the structure of (NO‘ 1 UNOs”) Fn poi the nitrosonium nitrate 
formula must not be taken into account again because all the oxygen atoms of the nitrate ion 
are equivalent, Therefore, when a molecule is formed, the nitrogen atom of the nitro- 
sonium ion must be joined with two oxygen atoms, 0 as to give a state of minimum energy 


(Fig. 5). 
angle of 90° each, while the nitrogen atoms have two « bonds of 120° each, so the ring 
15 See, ¢.g., Levy and Scaife, ref. 2f. 
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exhibits a stress of aha so -seigadaagd for each angle, which is likewise in accordance 
with the properties of the molecule 

Concentration of the Dinitrogen Tetroxide (11),—For establishment of the structure of 
tetroxide (II), its concentration, too, may play an important part. Leaving aside, for a 
moment, the foregoing consideration, a yon die eaanentention of cea Ath tama 
the existence of the nitrosonium nitrate structure since its concentration would be so low 
that it could not be detected by physical methods. The presence of tetroxide (II) in a 
larger amount, however, excludes-the nitrosonium nitrate structure, for its detection by 
physical methods would doubtless be feasible. On the other hand, if tetroxide (11) is 
identified with the Longuet-Higgins structure, then the experimental fact that physical 
methods refer only to the presence of tetroxide (I) as well as of nitrogen dioxide, can be 
interpreted merely by the assumption of the close identity of the physical properties of the 
Longuet-Higgins. structure with those of the tetroxide (1).4 In consequence, detection of 
the latter was not feasible. This aspect, in turn, permits larger quantities of tetroxide 
(II) to be present in the tetroxide~dioxide system. 

On the basis of the above considerations, it would be of great i 
experimentally the concentration of tetroxide (II). For this 
assumption was made. With a sufficiently high concentration of the iodide ion, 
tetroxide would convert into nitrate and nitric oxide only as much of the tetroxide (II) 
as was present in the system at first, at the given pressure and temperature. In this case, 
therefore, the amount of tetroxide (I1) consumed cannot be replaced, since, because of the 
high concentration.of iodide ions, the whole of the nitrogen dioxide undergoes reaction 
with these. 

In view of the above, in a reaction with potassium iodide saturated at a given tem- 
perature, the amount of nitrate, or nitric oxide, would directly give the tetroxide (II) 
concentration. In our opinion the result obtained in such a way would yield the right 
concentration of form (JI) only if this same amount of nitrate could also be achieved with a 
somewhat more dilute potassium iodide solution. With this condition fulfilled, it may 
be stated that the results would be the same even if the experiment had been carried out 
in the more concentrated solution hypothetically : 

The last four data of Table 1 represent such experimental results. The percentage of 
reaction products shows no appreciable variation though rather different amounts of 
substances were.made to react in solutions with various concentrations (Fig. 2). Fig. 4, 
too, shows clearly that the ratio x/y, in a concentrated potassium iodide solution, is no 
longer a linear function of the iodide-ion concentration. Consequently, in the most 
concentrated potassium iodide solutions, the nitrate can be formed oaly from the tetroxide 
(II), originally present as well, so the concentration of the nitrate represents also that of 
the tetroxide (11), which is, therefore, at 0°, about 31%. 

The experimental results for the concentration of tetroxide (II), therefore, again 
indicate the presence of the Longuet-Higgins structure. Presence of about 31% of 
nitrosonium nitrate in the dinitrogen tetroxide-nitrogen dioxide system is inconceivable 
in the light of our knowledge of the yet ig investigations. 

This aspect, however, can only be if, as already pointed out, the a? 
properties of the tetroxide (II) are nearly the same as those of the tetroxide (I) 
results of X-ray studies and of analyses on Raman spectra, having been obtained below 
~~ 10°, can justify only the presence of tetroxide (I). Consequently, these investigations 
do not exclude the occurrence of a tetroxide of another structure at higher temperatures. 
However, the infrared spectrum of the te.soxide at higher ange (e.g., at 20° 47) 
could also be made consistent with a structure of ethylene type. possibility of this 
co-ofdination is, among others, 5 nda Hana ag Al vend sooo conse- 
quent upon Sutherland's calculations but unobserved by him, have since been found by 
Perkins and Wilson.” At any rate, a number of of medium, or weak, intensity 
were considered by Sutherland to be combination lines, though in act they might be lines 
of another tetroxide structure. 


18 Seel, ref. 2d. 
” Sutherland, ref. la. 
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The rather high concentration of the tetroxide (II) found in the present investigation 
requires reconsideration of the results of infrared spectra. 
ee ee N,O,, and N,Oy.—According to our results, the reactions and 
tetroxide occupy a middle position between those of the pentoxide and 
Sadan pcibeisteeseies in teeahaahens This was , 
e.g., by the studies of Ingold ¢ al. :** in the spectrum of pure N,O, lines of 
per eg ath th aan aiian 5 


by spectral and X-ray 
indicated 


Peapod polarized, forms @ covalent 
an extent that the reactivity of dinitrogen trioxide decreases ; 


e.g., nitric oxide evolved in the sodium metal-liquid tetroxide interaction, with the excess 
of tetroxide, produces dinitrogen trioxide remaining unaffected by the metal.™ Alkali 
carbonates react with dinitrogen tetroxide to give alkali nitrate and nitric oxide, whereas 
with dinitrogen trioxide no reaction proceeds.* 

Thanks are offered to Dr. P. Huhn for the mathematical discussion concerning the kinetic 
studies of the reactions, 

University ov Szecep, InstTiITUTE yor INORGANIC AND ANALYTICAL CHEMISTRY, 

Szeczp, Hunaary. (Received, June 22nd, 1955.) 


® Ingold, Millen, and Poole, Nature, 1946, 158, 480; Millen, J., 1950, 2609. 
Poh Jeffrey, and Truter, Nature, 1948, 168, 259; Grison, riks, and de Vries, Acta Cryst., 1060, 


 “# Addison and Thompson, Nature, 1948, 168, 369 
*! Oswald, Ann. Chim., 1914, 1, 45; Addison and Lewis, /., 1953, 1319, 
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351. The Oxidation of Hydrocarbons and Their Derivatives, Part I. 
The Observation of the Progress of the Reaction by Pressure Change 
and by Analysis. 

By B. I. Parsons and C. J. Dansy. 


The kinetics of the oxidation in the gas phase of four esters (methyl! 
formate, methyl acetate, methyl propionate, and ethyl formate) have been 
studied. The progress of the reaction was followed (a) by observation of 
pressure change, (b) by analytical measurement (masse spectrometric) of the 
rates of consumption of ester and of oxygen and the rates of formation of 
major products. The results show that the pressure-change measurements 
give a close indication of the progress of the reaction over its whole courss, 


Tue kinetics of the oxidation of gaseous hydrocarbons and their derivatives are very 
complex and can only be elucidated by detailed study of the effect of many variables. For 
this a rapid and convenient method of measuring the reaction rate is absolutely essential. 
Laborious methods which restrict the numbers of observations are likely to cause important 


Tu tk ob cae’ "bowie tecin: hen" aad eae 

The risk of error, however, is obvious Pe sesial a 

C,H, + 240, = 2CO + 3H,O is attended by a Oe CaO then 
times the initial ethane pressure. ptt ty = 

the ratio for this would be —1. Since complex in Lt ae a 


changes 
consumption of the ester and of oxygen, and (b) the formation of carbon 
carbon dioxide. 
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ExpermentraL 
Reactions took, place ia e slice weitil at diaiet eet'e.c!\euipalaty haiutiaaaat eas equieed 
tetnperature in @ thermostatically-controlied electsic ‘furnace. The reaction vessel was 
connected to 4 capillary mercury manometer, to storage veasels for reagents, and to the usual 
system of high-vacuum pumps. ee anne on semeenen ee 


Fic. 1. Ap-time curves for the oxidation of esters. | 
4, : 
5 Ethyl formate. 
6, yl propionate. 
Temperature ; Curve 1, 260°; curves 2—6, 380°. 


ere 4 


irrespective of any removal of water vapour. 


analytical results, 
Experiments were made with methyl pepioa, andety 
formate, , nn ed Ruy) td te fo pose : 


i sig 
: Tinoarinene, © Physicochemical Constants of Pure Organic Compounds,” Elsevier, 1960. 
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therefore, analyses of products were made at a series of temperatures in the range 280-485". 
With the other esters analyses were made at a single temperature, 
The mass-spectra of the products of oxidation, with the of those from methyl 


propionate, did not show any sign of residual peaks which be attributed to complex 
Fic. 2. Rate and and 
1G, s of consumption of ester and oxygen ee 
pe (@) : rt) 
ts) 


; 
( Za on 


oom” fet) 
@ Methyl formate, (db) Methyl acetate. Temperature 380°. 
© Ester. @ Oxygen. @ Carbon monoxide. @ Carbon dioxide. 
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(e) at 280°, (6) at 425°. 


© Eater, © Oxygen. © Corton mononite @ Carbon dioxide. @ Ethylene (x 5). 


AAR fet: os RMD OR fa che UPR DE el age 


1798 Oxidation of Hydrocarbons and Their Derivatives. Part I. 


Fig. 1 shows the form of the Ap-time curves for the oxidation of the esters for which analyt- 
ical measurements were made, together with those for methyl butyrate and propyl formate for 
pageone Papen atari purse onalawtegstior 
carbon plotted against Ap for methyl formate and 
methyl acetate, Fig. 3 gives the corresponding results for methy! propionate and Fig. 4 those 
formate at the two extremes of the temperature range. 

The ratio of carbon monoxide to carbon dioxide varies from ester to ester, and one effect of 
perature is to alter the relative proportions of carbon monoxide and carbon dioxide formed. 
able gives, for future reference, the ratio of carboe- monoxide to carbon dioxide for the 

r esters at 360°, and for the ethyl formate as a function of temperature, 


Ratio of carbon monoxide to carbon dioxide formed during oxidation of esters. 
Ethyl formate Ethyl formate 


Temp. CO/CO, Temp. wi hy 


The analytical results show that there is a close linear relationship between the total 
change on the one hand, and on the other, the rate of consumption of oxygen and the rates of 


200 


obtained show that, except under the most extreme conditions 
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352. The Oxidation of Hydrocarbons and Their Derivatives. 
Part I1.* Structural Effects in the Ester Series. 
By B. I. Parsons and Sir Cyrit. HInsHELWOoD. 


A comparison is made, under standardised conditions, of the relative 
oxidation rates of a series of esters: methyl formate, methyl acetate, 
methyl butyrate, ethyl formate, methyl propionate, and propyl formate. 
Oxidation rates have been determined as a function of the concentrations 
of ester and of oxygen, and at a series of temperatures. 

In one group the rate-temperature relation follows the Arrhenius law ; 
in another the rate passes through a maximum and then a minimum as the 

is raised. 

The ease of oxidation is considered in relation to structure, and the results 
are found to be generally explicable in terms of the principles which have 
emerged from the study of other series of compounds, 


Tae 00 ee) ee ee ee 
changes. In particular, the substitution of methyl groups has a great stabilizing influence 
and the point of attack in the molecule which leads to the most rapid oxidation seems to be 
one as remote as possible from such groups. Chlorine atoms and alkoxy-groups (in ethers) 
facilitate oxidation and the replacement of a methylene by a carbonyl group retards it.' 
Esters contain both carbonyl! and alkoxy-groups, and in the aliphatic esters, R-CO-OR’, 
the number of methylene groups in either R or R’, or in both, can be varied. . It is, there- 
fore, of interest to see how far the structural principles mentioned above work out in this 
series. 
The conditions of comparison are important. In the first place, oxidation rates are not 
simple functions of the reactant pressures, and these functions must first be examined. 
With the esters there is the usual relative insensitivity to oxygen pressure and the much 
more marked dependence on the ester pressure. In the second place, the rate may depend 


in a complex way upon temperature, , falling, and then rising again as the temperature 
increases. Where this abnormal | Se eee 
distinguish the “ low-temperature” region and the “ high-tempera * region, there 


baing pood seacen.te halheve tine taxthedion the mechaahuns $l renmtentine Giheeaik 

The form of the rate-temperature curve, the structural effect, and the reaction 
mechanism are related in an important way. Peroxides are widely held to play an essential 
part in the mechanism, their fission into radicals giving rise, in the low-temperature 
to branching chains. The equations for the Kinetico of euck 0 brunching-chalt:geaction 
show that a relatively small change in the case of fission of the peroxide can produce a 
greatly magnified effect on the reaction rate. In this way, the exceptional sensitiveness 
of the oxidation to structural influences can be partly accounted for.* The abnormal 


temperature dependence is ex by the increasing loss of peroxide, as the ure 
rises, in decompositions do not help the chain branching (or as the of the 
decom of precursors to the peroxide). Either process lead to a fall in the rate 


of oxidation. The resumed rise at still higher temperatures is ascribed to the intervention 
of a new kind of mechanism, no.longer directly associated with peroxide fission. If these 
considerations are valid, the great sensitiveness to structure evident in the low-temperature 
region should largely disappear in the high-temperature region. 


EXPERIMENTAL 


The reacting gases and vapours were placed in a heated silica vessel and the pressure changes 
accompanying oxidation were followed on a manometer. The validity of following the reaction 


* Part I, preceding paper. 
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The influence of initial concestentions on the maximum rate and induction period of the 
oxidation of the esters was very similar to that observed during the oxidation of the paraffins. 
et ee ee ee, of the than to that 


oxygen concentration. 
Rare re ree eaters eevingrsietiemebafentan rats ond the 
: Te ene acannon ie of and $00 Ar 
pressures were mm. of ester mm, of oxygen. 
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of temperature, and analogous results for the induction period are shown in Fig. &. Since the 


: Fio, 5. The of temperature on the 
ia, 4, T r : 
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group would be shown by the ret ie another range of tempersture cannot be ald with carat 

What can be said, however, is that the factors responsible for the anomalous temperature efiect 

ee er rant geen a none rene 
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shown in the Table. The experimental teed dering et ee 
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in the list. Where the reactivities of the compound are very different the relative rates were 
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determined by the extrapolation of the log rate-1/T plots until the temperature regions 
overlapped. 

In an attempt to understand the influence of structure on the rate of oxidation it is necessary 
to consider also at which point in the molecule the initial attack occurs. The two problems 
are interconnected, since, although oxidation may begin in more than one place, it is only that 


Maximum rate relative Maximum rate relative 
to methyl formate to methyl formate 
(low-temper- (high temper (low-temper- (high temper 

Compound ature region) ature-region) Compound ature region) ature-region) 
Methyl formate ...... I j m-Pentane ...+...-. 750 
Methyl acetate ; | I Pentan-2-one ...., 750 
Methyl propionate ... 6 6 Pentan-3-one ...... 3500 
Methyl butyrate ... 350 24 Dimethyl ether . ; 20 x 16 
Ethyl formate ...... 350 4-6 Ethyl methyl ether 130 x 10 
Vropyl formate 2000) 47 


attack which initiates a rapid and effective chain reaction which can lead to an important total 
contribution to the oxidation. The significant point of attack, therefore, is one which can lead 
to the formation of the most highly active chain-branching agents, or, in accordance with our 
own present working hypothesis, to the most active peroxides. 

Previous work has given several definite rules indicating which kinds of structure are 
susceptible to this kind of fruitful attack. If the oxidation has to begin within a methyl group 
the resulting rate is usually low: methyl groups adjacent to the site of initiation are 
unfavourable. Methylene groups, on the other hand, as remote as possible from methyl! groups 
constitute vulnerable points. Carbonyl groups in themselves tend to favour oxidation unless 
they replace an attackable methylene group, and thereby force the attack into a methyl group 
as in acetone, An ethereal oxygen atom has a very great activating influence. 

If these principles are applied to the ester series, a good idea can be formed of the place 
where in a given molecule the oxidation will begin, and an approximate idea can be formed of 
the relative speed of the total reaction which will ensue. In this way a general understanding 
of the results in the Table can be arrived at. 

rhe formule of the esters used are as follows 


(a) (b) 
{ Y 

H--C--O'CH, CH, -C-—O'CH, CH,’CH,‘C--O-CH, 

Oo ‘@) Oo 

(1) (I (111) 
' (a) (b) 
{ | ! 
CHyCH,yCH,C--O-CH, H--C--O-—CH,’CH, H--C—O—CH,’CH,’CH, 
° 1?) oO 
(LV) (V) (VI) 


In view of the great activating influence of the ethereal oxygen it seems not unreasonable 
to assume that the effective attack on the esters (1) and (I1) will be in the methyl group attached 
to this oxygen. But no methyl group is in itself a really advantageous point, so that esters 
(1) and (II) show relatively low rates. Methyl propionate (III) has a methylene group which 
could be attacked, but this is still adjacent to a methyl group. At which of the two points 
indicated by the arrows the attack by oxygen will lead to a more successful chain reaction is 
hard to say. If it is (a) this point is at least not in a methyl group itself, while if it is (b) 
\ stabilising methyl group is one step further removed than in methyl acetate (II), Ester (I11) 
thus shows a small but not important increase in rate. In esters (IV), (V), and (VI) the point 
of attack can move out of methyl groups, without becoming too remote from the ethereal 
oxygen, With these compounds the increase in rate, in the low-temperature region, 1s very 
marked, Since propyl formate (VI) has the greatest oxidation rate of the series it seems that 
the provision of a point of attack, (a) as remote as possible from the methyl group is the 
important factor 
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Reference to the Table shows that in the high-temperature region the structural effects are 
considerably less pronounced than they are in the low-temperature region, It is also evident 
that with the esters (I), (II), and (ITI) there is one region only, and that the structural influence 
is small. The result is thus as though the single region of temperature dependence covered by 
the experiments has the characteristics of a ‘‘ high-temperature "’ region. In these three esters 
it seems at least quite likely that the initial attack is in the methoxy-group itself. This may be 
the reason why anomalous temperature dependence, structure sensitivity, and also cool-flame 
production are all absent. 

With esters (IV), (V), and (VI) attack is probably in a methylene group. In the low 
temperature region the rate is enormously enhanced compared with that of the other esters. 
The usual effect of a lengthening of the carbon chain is evident in the comparison of esters (V1) 
and (V); propyl formate (V1) is considerably more easily oxidised than methyl butyrate (IV). The 
reason would seem to be that in the latter the propy! group is immediately adjacent to a carbony| 
group, whereas in ester (VI) it is adjacent to the ethereal oxygen, which assists more powerfully 

On the whole, therefore, the ester series seems to offer a further general confirmation of the 
structural principles already illustrated by other groups of compounds. 

Che comparison of the esters with the ethers is of interest. For this purpose, a considerable 
degree of extrapolation is necessary, but this, while rendering numerica! values open to some 
doubt, leaves none about the qualitative differences 

Ethyl formate (V) is oxidised something like 10° times more slowly than ethyl methyl ether 
rhis fact seems hard to understand except by the supposition that the conversion of H CH, 
into H C:O has in some way partly neutralised the effect which the adjacent ethereal oxygen 
has on the ethyl group, The same consideration applies to a comparison between propy! 
formate (VI) and methyl propyl ether. 

rhe nature of this action of the carbonyl group does not seem explicable simply in terms of 
the normal inductive effects of the substituent groups. The question indeed arises whether 
some special circumstance may not be involved in the great oxidisability of the ethers, possibly 
the formation of peroxides involving the ethereal oxygen itself, which act as powerful initiators 
of combustion, It has already been found ” that the concentration of some kind of peroxidised 
body is much higher than usual in ether oxidations, and that this concentration does not show 
the large relative decrease which occurs in other examples when a cool flame passes. There are 
thus indications that the ethers may constitute a special problem 

Apart from this, the study of the esters seems to bear out the general principles which have 
emerged from the study of other groups of compounds 

The expectation expressed in the Introduction that the structure sensitiveness would be 
much smaller in the high-temperature region is fully borne out. It also appears that the only 
three of the six esters which, in the low-temperature region, are oxidised very many times 
faster than methyl formate are those which show anomalous rate-temperature relations 
Thus the idea is further confirmed that the great influence of structure is upon something 
which as the temperature rises eventually ceases to be important, that is, according to the 
peroxide theory, the peroxide itself, or according to another theory a precursor of the peroxide 
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353. The Oxidation of Hydrocarbons and Their Derivatives. 
Part I11.* The Réle of Intermediates. 


By B. IL. Parsons. 


fhe products of oxidation by oxygen of methyl and ethyl formate and 
propane have been analyse! chemically and polarographically. Formalde 
hyde, total aldehyde, and total acid analyses were made at six temperatures 
as the two regions of reactivity were traversed, 

The polarograms of the oxidation mixtures showed two and sometimes three 
species present in the samples. The broad wave, characteristic of peroxide sub 
stances, was observed in all the analyses made, In the case of ethyl formate, 
as the temperature was increased, one species disappeared and was replaced by 
another. It was not possible to identify the two substances mvolved. 

Changes during the actual passage of a cool flame could only be investig 
ated with the propane-oxygen mixtures. Here a marked decrease in the 
concentration of peroxide occurred as the flame passed. 


lux more remarkable properties of hydrocarbon combustion include (a) the induction 
period followed by a rise in rate to a maximum, (b) the anomalous relation between rate and 
temperature, and (¢c) the occurrence in certain rather closely prescribed regions of concen 
tration and temperature of cool flames, and sometimes of multiple bursts of cool flames 

Ihese phenomena are closely interconnected. There is much to indicate that the 
ictive intermediates built up during the induction period are responsible for branching 
chains; and that the anomalous temperature effect is the result of alternative reactions of 
these intermediates or their precursors in side reactions, unfavourable to chain-branching 
severe changes in the concentrations of oxidation intermediates, principally peroxides, hav: 
been observed during the passage of a cool flame, and these same substances may well b 
responsible for the low-temperature explosion region 

Che details of this general picture are, however, far from clear. Bardwell and Hinshel 
wood,' for example, found that during the passage of cool flames in butanone-oxygen 
mixtures there was a tremendous fall in the peroxide concentration. On the other hand, 
kastwood and Hinshelwood * found that in the cool flames of ether the very much greater: 
peroxide concentration suffered little proportional change (though some absolute decrease 
may have occurred). 

lhe large amount of discussion that has appeared in recent years on the probable nature 
and structure of the more likely chain-branching agents tends to obscure the considerable 
degree of general agreement that has been attained. Mechanisms of combustion have been 
proposed by Ubbelohde,? Walsh,* Norrish,® Knox and Norrish,® Cullis and Hinshelwood,’ and 
others, Several are of the general form in which the initial attack by an oxygen molecul 
leads to an oxygenated hydrocarbon derivative capable of decomposition at normal 
combustion temperatures into two or more free radicals (not necessarily similar) and the 
propagation of a chain-branching mechanism 

rhat differences in detail have arisen is not surprising 
can give rise in the course of its oxidation to peroxide, hydroperoxide, aldehyde, alcohol, 
acid, and oxides of carbon. All except the oxides may show pyrolysis, and any radical 
thereby produced can interact with oxygen. Which of the vast array of possible inter 
are those most closely connected with the general physical chemistry of the 


A hydrocarbon (or derivative) 


mediates 
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Pic. 1. The formation of aldehyde and acid ric. 2. The formation of aldehyde and acid 
during the oxidation of ethyl formate during the oxidation and thermal decomposition 
f ethyl formate at 425 
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phenomena mentioned above is still largely to be decided, and experiments with new 
systems and as varied techniques as possible are therefore desirable. 

In the present paper experiments are described on the chemical and polarographic 
examination of the intermediates formed in the oxidation of some esters and of propane. 
[he main object has been to study the changes which occur in these as (a) the anomalous 
part of the temperature—rate curve is traversed and as (4) the cool-flame region is traversed 
at a given (initial) temperature 


IX PERIMENTAL 


Geneval,—The pressure~time curves of the oxidation of the esters, methyl and ethyl formate, * 
and propane were determiued at various temperatures in both the low- and the high-temperature 
regions, The conditions of concentration selected for investigation were 100 mm. of ester or 
propane and 200 mm. of oxygen. For each series of analytical tests the reacting gases were 
admitted to the reaction vessel in the usual way, and at appropriate points along the pressure 
time curve the combustion gases were shared with a gas pipette. The contents of the pipette 
were extracted with pure water or n/10-lithium chloride depending upon the constituents to be 
analysed rhe reaction conditions were duplicated several times until a series of samples had 
been collected representing the whole range of pressure change. 

inalytical Methods,--Yormaldehyde was determined colorimetrically with chromotropx 
acid.® ‘Total aldehyde was determined coiorimetrically with benzenesulphohydroxamic acid.” 
Both methods for aldehyde were calibrated with pure samples of formaldehyde and acetaldehyde. 
The benzenesulphohydroxamic acid method was found to be less sensitive to formaldehyde 
than to acetaldehyde, The analyses for both formaldehyde and total aldehyde were accordingly 
carried out under exactly similar conditions; the contribution of formaldehyde to the total 
aldehyde was subtracted from the total aldehyde analyses and the remainder expressed as 
acetaldehyde, The results in each case were calculated back to the partial pressure of the 
component in the reaction vessel. 

Total acid was determined by direct titration with 0-14N-sodium hydroxide at 0°, the 
indicator used being phenolphthalein, The solutions for titration were cooled in ice to prevent 
the rapid hydrolysis of the excess ester from obscuring the end-point, 

For the polarographic anaiyses the method established by Shtern and Pollyak ™ was adopted. 
rhe contents of the gas pipette were extracted with n/10-lithium chloride. Two-ml, portions of 
the test solution were pipetted into the electrolytic cell, and the oxygen removed by passing 
hydrogen gas for 8-0 min. The voltage range investigated was zero to 2-2 v. 

Results,—The esters selected for study were methyl and ethyl formate. The first was 
characteristic of those esters showing no anomalous temperature relationship, and the second 
showed two clearly defined temperature zones in the range 250—450°. 

rhe results of the analyses for aldehyde and acid in the combustion mixtures of ethyl formate 
are shown in Figs, Land 2, In the high-temperature region (450°) a large increase in the partial 
pressure of acid was observed, A few experiments were made to examine the possibility that 
this increase resulted from the simple decomposition of the ester at elevated temperatures. The 
acid concentration does increase almost linearly with the increase in pressure accompanying 
decomposition, and the amounts formed are comparable with those observed towards the end 
of the induction period of the oxidation reaction. 

lypical polarograms of the combustion samples of methy! and ethyl formate are illustrated 
in Fig. 3. Those for the combustion mixtures of ethyl formate usually showed two waves or 
iteps. The first was a broad drawn-out wave at about 0-9 v characteristic of peroxidic sub 
stances, The second occurred at 1-9 v in the low-temperature region, and at 1-7 v in the 
high-temperature region, The polarograms of the methyl formate mixtures showed only the 
broad peroxide wave at 0-9 v. The general pattern shown by the propane combustion samples 
was very similar to that of ethyl formate, except that the steps observed above 1-5 v were small 
and relatively unaffected by changes in temperature. The height of the various waves and 
changes observed with the pressure changes in the reaction vessel and the temperature are 
shown in Figs, 4—8. 


* Parts I and IL, preceding papers 

* See Bricker and Johnson, Ind. Eng. Chem. Anal., 1945, 17, 400 
® See Damkéhler and Eggergliiiss, 7. phys. Chem., 1942, B, 61, 157 
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The variation in the height of the polaro- 


bic. 5. The variation in the height of the polaro- Fic. 6 
waves during the oxidation of ethyl 
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DISCUSSION 

In both the low- and the high-temperature regions of the oxidation of ethyl formate, the 
concentrations of higher aldehydes (C, upwards) and formaldehyde passed through a 
inaximum as the reaction went to completion. The general trend of these results confirms 
the conclusions based on the mass-spectrometer analyses (Part 1), viz., that very little 
oxidation occurs during the induction period before the maximum rate of reaction is 
reached 

Che theories of combustion proposed by Frank-Kamenetzki * and Walsh predict a 

ine-wave dependence of the concentration of peroxide and aldehyde (and particularly of 
ormaldehyde) on the extent of oxidation. The results of the present study, including the 
inalyses for peroxide species during the cool-flame oxidation of propane, do not support 
the theory that reaction between the intermediates of the oxidation process is critical to 
the combustion mechanism in the way suggested by these schemes 

[he changes observed in the polarograms of the combustion samples emphasise the 
differences between the low- and high-temperature regions of reactivity. As the tem 
perature of the oxidation of ethyl formate was increased in the low-temperature region, the 
tep at 1-0 v gradually decreased, In the transition region between the two temperaturé 
zones the wave at 1-9 v disappeared from the polarograms and a new step appeared at 

7\ 

An attempt was made to identify the changes in the polarograms by comparisons with 
the polarograms of pure aldehydes and acids. Conclusive results were not obtained 
though the wave at 1-7 v did resemble the polarograms of formic acid. This last obser\ 
ation is complicated by the fact that the relationship between the total acid concentration 
is determined by direct titration, and ghe pressure change, Ap (Fig. 1), does not correspond 
to the changes observed in the height of the wave. There always exists the possibility of 
balancing reactions and separate laws governing the changes in the total acid and form 
icid concentrations, but such changes would have to be quite complex. At the present 
tage in the investigation the best that can be inferred is that there is in fact the 
disappearance of one species and the appearance of a second during the traversing of th« 
transition region between the low- and high-temperature regions of reactivity. 

rhe only case in which it was practically feasible to investigate changes during th« 
actual passage of a cool flame was with propane and oxygen. 

Ihe concentration of peroxide substances here showed a marked decrease with the 
passage of a cool flame through the reaction mixture, while the changes with time in the 
concentration of peroxide before and after the occurrence of the flame followed a more o1 
less exponential law. Such behayiour would be expected according to the mechanism of 
cool-flame oxidation which depends upon the effect of temperature on the rate of decom 
position of the peroxide intermediates and the self-heating of the reaction mixture. 

Where the general form of the mechanism is 


\+B - | > Dil 


compare Salnikov ') and the heat of reaction of the second step is considerably greater 
than that of the first, self-heating of the reaction mixture would result under the appro 
priate conditions of concentration and temperature. Any chain-branching mechanism 
imilar to that described in the Introduction would be particularly sensitive to self-heating 
The very greatly magnified effects of small changes in the initial concentrations of the 
reagents or the reaction temperature support some guch scheme 

rhe outstanding feature of cool-flame combustion is the fact that the ignition does not 
pread through the primary reagents themselves, Analyses of the propane mixtures, 
imilar to those described in Part I, indicate no significant changes in the concentration of 
propane, oxygen, carbon monoxide, or carbon dioxide with the passage of a cool flame. 
rhe low-temperature flames are clearly shown to be directly associated with the inter 
mediate compounds of the oxidation process. Moreover, the position of the zone of cool 
flame activity in the region of transition between the low- and high-temperature regions 
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suggests that the substances decomposing explosively are the chain-branching agents of 
low-temperature oxidation. 

rhese results, therefore, throw further light upon the general character of the phenomena 
in question. The proof, or disproof, of more detailed schemes lies undoubtedly in an 
analytical method for the isolation and examination of the inferred chain-branching 
ubstances and for the recognition of their modes of decomposition and oxidation. 
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354. Synthesis of Polycyclic Compounds. Part V.* The 
C'yclodehydration of 3-Benzyleyclohexanol. 
By J. C. BARDHAN and R. | SANERIEI 


3-Benzyleyclohexanol, the preparation of which is described, on dehydration 
vith phosphoric anhydride furnishes 4: 8-endomethylenebenzocyclooctene 
[11), yielding on oxidation with chromic acid the 3-ketone (IV Chis has 
been synthesised by the cyclisation of 3-phenylceyclohexanecarboxylic acid, 
which has been prepared by two method The ketone, on Clemmensen 
reduction, gives the tricyclic hydrocarbon (II1), and, consequently, the 
structure assigned to it by Cook and Hewett ! is confirmed 


Cook and Hewett! have shown that the dehydration of the alcohols (I) and (I1) gives a 
tricyclic hydrocarbon which they represented as (II]). This structure is in harmony with 
the resistance of the hydrocarbon to dehydrogenation, its conversion into phthalic acid, 
and its oxidation by chromic acid to the ketone (IV; RK = H), which was further degraded 
to cis-hexahydrotsophthalic acid through the related phenol (IV; ROH). However, the 
structures assigned to the hydrocarbon (III) and the ketone (IV; R =< H) have not been 
confirmed by an alternative synthesis. 


OO TO C 


(Ih) (1th) 


lo extend this cyclisation, we have prepared 3-benzylcyclohexanol, by reactions shown 
in the annexed scheme. Curiously, on treatment with phosphoric anhydride this alcohol 


PhCH, . PheCHy A 5, PhCH, 
steps 
t JH 
} 
gave the hydrocarbon (III); the yield was low but oxidation with chromie acid afforded 
the ketone ([V ; R = H) which was readily characterised 
We have established the structure of the ketone (IV; Rk H) by the following 
unequivocal synthesis. «-Phenylglutaric anhydride * was converted into the derived ethy! 
ester, and the latter condensed with ethyl oxalate in the presence of potassium ethoxide 


V) CO,Et-CHPh-CH,-CH(CO,£t), CO,Et-CHPh-CH,-C(CO,£t), [CH,}yCO,Et (VI 
(VIL) CO,Et-CHPh-CH,-CH(CO,Et) (CH, ],-CO,£t 


the resultant product on distillation gave a good yield of ethyl a-ethoxycarbonyl-a'-pheryl 
glutarate (V). The sodio-derivative of this with ethyl ¢-chloropropionate gave ethyl 


* Part [V, ]., 1966, 1346 


' Cook and He ends’ 1936, 67 
* Org. Synth’, 1960 , 817; Hornig and Finelli, ]. Amer, Chem. Soc, 1949, 71, 3204 
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yy-diethoxycarbonyl-a-phenylpimelate (V1), which on hydrolysis, elimination of carbon 
dioxide, and re-esterification afforded ethyl y-ethoxycarbonyl-a-phenylpimelate (VII). 
Cyclisation with finely divided potassium then gave diethyl 4-oxo-5-phenyleyclohexane- 
| ; 3-dicarboxylate (VIII), hydrolysed by hydrochloric-acetic acid to the oily keto-acid 
(IX; Kk = H) which gave a crystalline semicarbazone. The corresponding ethyl ester on 
Clemmensen-Martin4 reduction furnished 3-phenyleyclohexanecarboxylic acid (X) as a 
viscous liquid, apparently a mixture of cis- and trans-isomerides, However, a crystalline 
acid (X) was obtained by treatment of 3-phenyleyclohexanone with anhydrous hydrogen 


Ph CO+,Et Ph COR Ph COjWH Ph CN Ph CN 
O: O: 


CO Et 
(VIII) (1X) (X) (XI) (X11) 


cyanide * followed by dehydration of the product with phosphoryl chloride and pyridine 
to the unsaturated nitrile (XI, and an isomeride); this was hydrogenated over palladised 
charcoal © to the saturated nitrile (XII) which on hydrolysis gave 3-phenyleyclohexane 
carboxylic acid (X), m. p. 81°. From its method of formation the acid is tentatively 
regarded as having the cis-form. 

Cyclisation of the crystalline acid (X) with polyphosphoric acid,® or by a Friedel 
Crafts reaction, gave smoothly an excellent yield of the tricyclic ketone (IV; R = H) 
which had properties and derivatives in close agreement with those previously recorded.! 
Under similar conditions the impure liquid 3-phenyleyclohexanecarboxylic acid also afforded 
the ketone (IV; R =H) in about the same yield. Finally, the synthetic ketone was 
reduced by the Clemmensen procedure to the hydrocarbon (III), the structure of which 
is, therefore, fully established 


EXPERIMENTAI 


4-Vhenylbut-3-enoic acid’? (m. p, 87°) was prepared by Débner condensation of phenyl 
acetaldehyde (b, p, 88°/18 mm.) with malonic acid, Its ethyl ester had b. p, 137—-138°/5 mm 

)}- Bensyleyclohexane-1 : 3-dione.”*—For large quantities the following modified procedure 
vas convenient, To a solution of ethyl sodioacetoacetate {from sodium (6-5 g.), ethanol (107 
mil and ethyl acetoacetate (40 ml.)|, ethyl 4 phenylbut 3-enoate (55 g.) was added and the 
mixture heated on the water-bath for 10 hr, The sodio-derivative of the condensation product, 
which crystallised, was mixed with water (125 ml.), treated with potassium hydroxide (35 g.) 
in water (35 ml.), made up to 450 ml, with the addition of more water, and boiled for 15 min 
On cooling, the solution was acidified with hydrochloric acid, and heated as before for 30 min 
5- Benzyleyclohexane-1! ; 3-dione which separated on cooling is best purified from ethyl acetate 
light petroleum (b, p. 60-—-80°) and forms colourless needles, m. p. 117° (lit.,”” 118°) (Found 
C,77-1; H, 7-1. Cale. for C,H,,O,: C, 77-2; H, 7:0%). 

5-Bensyl-3-chlorocyclohex-2-enone.—-The above diketone (33-2 g.) was refluxed with phos 
phorus trichloride (7:3 ml.) and chioroform (82 ml.) for 4 hr. After removal of the chloroform, 
the residue was decomposed with cold water and extracted with ether. After being washed 
and dried in the usual way the ethereal solution was distilled. 5-Benzyl-3-chlorocyclohex-2 
enone formed a colourless liquid (19-5 g.), b, p. 176-—-178°/5 mm. (Found: Cl, 16-4, C,,H,,OCI 
requires Cl, 16-1%) 

3-Bensyleyclohexanone,—-The preceding compound (18-0 g) was hydrogenated in ethanol 
(30 ml.) in the presence of gum arabic (0-1 g.), water (5 ml.), and palladium chloride (0-1 g.) 
Absorption of hydrogen was complete in 1 hr, The ketone (145 g.), b. p. 142-—-144°/5 
mm. (Found; ©, 829; H, 86. C,,H,,O requires C, 83-0; H, 85%), gave a semicarbazone, 


+ Martin, /. Amer, Chem. Soc., 1936, 68, 1438 
* Wade and Panting, /., 1808, 73, 256 
* Hartung, /. Amer, Chem, Soc., 1928, 60, 3372 
* Birch, Jaeger, and Robinson, /., 1945, 582; Snyder and Werber, /. Amer. Chem. Soc., 1950, 72, 
062, 2065; Birch and Smith, /., 1951, 1885 
(a) Vorlander, Annalen, 1906, 946, 244; (+) Linstead and Williazas, /., 1926, 2741 
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prisms (from ethanol), m. p. 168° (Found: C, 685; H, 7-9. C,,H,ON, requires C, 68-6; 
H, 7-8%) 

3-Benzylcyclohexanol,-The foregoing ketone (5 g.) in absolute ethanol (50 ml.) was treated 
on a water-bath with sodium (5 g.) as rapidly as possible, the mixture being heated until no 
more sodium remained, The excess of ethanol was removed in steam and, after cooling, the 
residual liquid was extracted with ether, and the extract washed, dried (K,CO,), and distilled, 
3-Benzyleyclohexanol formed a viscous oil (3-5 g.), b. p. 148—-149°/ 5 mm, (Found; C, 82:3; 
H, 95. C,,H,,O requires C, 82-1; H, 9-4%). 

4: 8-endoMethylenebenzocyclooctene (I11).-The foregoing aleohol (3-8 g.) was heated with 
phosphoric anhydride (7-6 g.) at 145—-150° for 1 hr. and then slowly distilled in a vacuum, 
giving an almost colourless oil (1-5 g.). This was dissolved in ether, washed with a littie concen 
trated sulphuric acid, then with water, dried, and recovered by evaporation. On repeated 
distillation over sodium the hydrocarbon formed a colourless mobile liquid (1-1 g.), b. p, 100°/5 
mm., n° 1-5430 (lit.,! nie* 1-5623) (Found: C, 90-1; H, #1, Cale. for CyHyg: C, 90-6; 
H, 9-4%). It was saturated towards the usual reagents. On oxidation with chromic acid in 
purified acetic acid it gave the ketone (IV), b. p. 129--132°/5 mm., whose semicarbazone had 
m, p. and mixed m, p, 222-—223° (lit.,! 222-224°) (Found: N, 17-2. Cale, for C,gH,,ON, 
N, 17-83%) 

Ethyl a-Phenylglutarate.—Ethyl a-cyano-a-phenylacetate (b, p, 135—-138°/5 mm,), prepared 
by the action of sodium on a solution of benzy! cyanide and ethyl carbonate in dry ether, was 
converted into the anhydride (b. p. 192--195°/5 mm., m. p, 94-—-95°) by known methods," 
The anhydride (21 g.) was refluxed with absolute ethanol (40 ml.), concentrated sulphuric acid 
(3 ml.), and benzene (42 ml.) for 5hr. The ethyl ester was an oil (24¢.), b. p. 152-—163°/5mm 
(Found; C, 684; H, 7-7. C,sH,.O, requires C, 68-2; H, 7-6%) 

Ethyl a-Ethoxycarbonyl-a’-phenylglutarate (V),-—E-thy] oxalate (94 g.) was added to a suspen 
sion of potassium ethoxide in ether [prepared from powdered potassium (2-5 g.), calcium-dried 
ethanol (2-96 g.), and ether (70 ml.)}.. The clear solution was cooled in ice and treated drop-wise 
with ethyl «-phenylglutarate (17-2 g.) in a little ether, The dark brown solution was kept at 
room temperature for 2 days, then diluted with ice water, the aqueous solution was separated 
and acidified with dilute sulphuric acid, and the oil was extracted with ether. The ethereal 
solution was washed with a little water, dried, and evaporated. The residual oil was heated 
at 180-—190° for 10 hr. and then distilled, giving the triethyl ester (V) (15 g.), b. p. 183-185" /4 
mm, (Found: C, 64-1; H, 7-3. C,sH,,O, requires C, 64-3; H, 7:1%). It gave no colour with 
ferric chloride 

Ethyl yy-Diethoxycarbonyl-a-phenylpimelate (V1 fo a cooled solution of sodium (2 g,) in 
ethanol (36 ml.), ethyl a-ethoxycarbonyl-a’-phenylglutarate (30 g,) was added, followed, after 
cooling, by ethyl 6-chloropropionate (12-3 g.). Next morning the mixture was heated on the 
water-bath for 6 hr. The excess of ethanol was removed, water was added to the residue, and 
the oil extracted with ether and fractionated. The ester (V1) formed a pale yellow liquid (12-2 g.), 
b. p. 210--212°/4 mm. (Found: C, 63-1; H, 7-2. C,y,H,,O, requires C, 63-3; H, 73%), 

Lthyl y-Ethoxycarbonyl-a-phenylpimelate (VI11) The preceding ester (72 g.) was refluxed 
for 1-5 hr. with potassium hydroxide (50 g.) in water (50 ml.) and ethanol (200 ml,), The crude 
acid, isolated in the usual way, was heated at 170-—-)80° until no more carbon dioxide was 
evolved (3hr.). The product (45 g.) was esterified by absolute ethanol (70 ml,) and concentrated 
sulphuric acid (7 ml.), in a current of ethanol vapour, at 110--115° for 6 hr. The triethyl ester 
(VII) formed an almost colourless liquid (42 g.), b. p. 192--194°/ 5 mm, (Found: C, 65-8; 
H, 7-6. CygHyO, requires C, 66-0; H, 7-7%). 

Diethyl 4-Oxo-5-phenyleyclohexane-1 : 3-dicarboxylate (VIII) The above tricarboxylic 
ester (18-2 g.) was added to a suspension of finely divided potassium (2-4 g.) in benzene (40 m1.), 
cooled in ice. As soon as the vigorous reaction was over, the mixture was heated on the water 
bath until the last traces of potassium were dissolved. The product was worked up as usual, 
giving the keto-esier (9-5 g.), b. p. 206—206°/6 mm. (Found: C, 67-6; H, 60. C,,H,,0, 
requires C, 67-9; H, 6-9%). An ethanolic solution of the ester gave a violet colour with ferric 
chloride 

Ethyl 4-Oxo-5-phenyleyclohexanecarboxylate (1X R Et).—The preceding keto-este1 
(5-2 g.) was refluxed for 10 hr. with concentrated hydrochloric acid (10 ml.) and glacial acetic 
acid (20 ml.). The keto-acid (IX; R H) (3 g.), isolated in the usual way, was an oil, Its 
semicarbazone formed colourless prisms (from ethanol; charcoal), m. p. 225° (decomp.) 
Found: C, 61-4; H, 62. C,,H,,O,N, requires C, 61-1; H, 61%) The ethyl ester (1X: 
Kk Et), prepared from the acid (14-4 g.) and ethanolic hydrogen chloride (48 ml. ; 3°), was a 
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liquid (12-2 g.), b. p. 183-—184°/ 5 mm, (Found: C, 73-1; H, 7-4. C,,H,,O, requires C, 73-2; 
H, 7-3% A semicarbazone could not be obtained under the usual conditions. 

Ethyl 3-Phenyleyclohexanecarboxylate.-The keto-ester (IX; R — Et) (10 g) was refluxed 
for 30 hr. with amalgamated zinc (20 g.), concentrated hydrochloric acid (70 ml.), water (30 m1.), 
acetic acid (2 ml.), and toluene (40 ml.), The product (6 g.) obtained on evaporation of the 
combined toluene layer and ether-extracts of the aqueous layer was hydrolysed with 10%, 
ethanolic potassium hydroxide in the usual way. The oily acid isolated as usual was 
converted into the ethyl ester (4-5 g.), b. p. 145-—146°/ 5mm. (Found ; C, 77-3; H, 85, C,H 0, 
requires C, 77-6; H, 86%). ‘This on hydrolysis with alkali yielded the acid as an oil. 

1-Cyano-3-phenyleyclohexene (X1). 3-Phenylcyclohexanone* (b. p. 138—-139°/5 mm.) 
(5 2.) was added to hydrogen cyanide ‘ (from potassium cyanide, 10 g.), and cooled to 0°. After 
the addition of a drop of potassium cyanide solution the mixture was kept at this temperature 
overnight ; a drop of sulphuric acid was then added, and the excess of hydrogen cyanide removed 
at the water-pump. The crudé product was heated with phosphory! chloride (23 ml.), and dry 
pyridine (86 ml.) at 140—150° for 1 hr., then cooled, treated with ice, and poured into dilute 
hydrochloric acid, and the unsaturated nitrile was extracted with ether, The ethereal extract 
was washed with dilute sulphuric acid, then aqueous sodium hydroxide, and dried, and the 
wivent was removed, The residue gave the unsaturated nifrile (3-5 g.), b. p. 150--152°/5 mm., 
having a characteristic smell (Found : C, 86-5; H, 7-3. C,,H,,N requires C, 85-2; H, 7-1%). 

1-Cyano-3-phenyleyclohexane (X11).--The above-mentioned unsaturated nitrile (6 4.), 
ethanol (6 ml.), and palladised charcoal * (1 g.; 10%) were shaken in hydrogen until the calcu 
lated amount of hydrogen (830 ml.; 30°/760 mm.) was absorbed (1 hr.), The catalyst was 
filtered off, excess of ethanol removed, and the residual liquid distilled, The nitrile (6-7 g.) had 
b. p. 145-—146°/5 mm. (Found: C, 84-1; H, 83. C,,H,,N requires C, 84-3; H, 81%). 

3-Phenyleyclohexanecarboxylic Acid (X).—The foregoing nitrile (5 g.) was refluxed with 
potassium hydroxide (4 g.), water (4 ml.), and ethanol (15 ml.), until no more ammonia was 
evolved (40 hr.). The acid which separated on acidification was collected and formed needles, 
m. p. 81°, from dilute acetic acid (charcoal) (Found: C, 765; H, 79. CyHy.O, 
requires C, 76-6; H, 78%). 

4: #-endoMethylenebenzocycloocten-3-one (IV; BR H),-(a) The preceding acid (1 g.) was 
heated on the water-bath with phosphoric anhydride (6 g.) and phosphoric acid * (6 ml.; 85%) 
for 1-5 hr. After cooling, ice and water were added, the product was extracted with ether, the 
ethereal solution washed with a dilute solution of ammonia and with water and dried, and the 
olvent removed, The residual oil (0-7 g.) readily formed a semicarbazone, which separated 
in needles, m, p. 222-—223° (lit.,! 222-224”) from ethanol (Found : C, 69-3; H, 7-3, Cale. for 
C,,H,,ON,: C, 601; H, 70%). The pure ketone regenerated from the semicarbazone (4 g.), 
on distillation in an all-glass apparatus, formed a colourless oil (2-5 g.), b. p. 130°/5 mm., d{** 
110659, %* 1-5726, (Ry), 56-35 (Calc., 54-24) (lit.,1 d}** 1-11385, ni?* 1-5770, (Ry), 55°38) (Pound 
C, 83-6; H, 7-6. Cale. for C,,H,,0: C, 83-8; H, 76%). The oxime, by which the ketone can 
be readily characterised, crystallised from ethanol in needles, m. p. 122—-123° (lit.,4 123-124") 
(Found ; C, 77-7; H, 7-4. Cale. for C,,H,,ON : C, 77-6; H, 7-5%). (6) The acid (X) (4-5 g.) 
was gently heated with thionyl chloride (3 ml.), excess of the reagent removed under reduced 
pressure, and the residue dissolved in carbon disulphide (20 ml.). The solution was cooled in 
ice, powdered anhydrous aluminium chloride (4 g.) was added all at once, and the mixture left 
overnight at room temperature. The product was decomposed with ice and dilute hydrochloric 
acid; the carbon disulphide solution yielded the ketone (2-5 g.), b. p. 120-—-130°/5 mm. which 
formed a semicarbazone, m. p. 222-—223°, and an oxime, m. p. 122--123°, identical with those 
deseribed above 

4: 8-endoMethylenebensocyclooctene (111).—The foregoing ketone (2-3 g.) was reduced 
with amalgamated zinc (10 g.), and hydrochloric acid (20 ml.) during 10 hr. The pure hydro 
carbon, on distillation over sodium, formed a colourless liquid (1-2 g.), b. p. 99°/5 mm., dj*° 
10075, %° 16536, (Ry), 54-65 (Calc,, 54-23) (lit.,* di* 1-020, nif 1-5580, (R,)},, 5447) (Found 
C, 90-5; H, 93%). 
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* Crossley and Renouf, J., 1916, 107, 608; Boyd, Clifford, and Probert, ibid, 1920, 117, 1382; 
lrance, Heilbron, and Hey, ibid, 1039, 166, 1288 


de la Mare, Klyne, Millen, Pritchard, and Watson. 


355. Cyclic Sulphites derived from the Chloropropanediols, 


iy P. B. D. pe LA Mare, W. Kryye, D. J. Mitten, J. G. Pritcnarp, 
and D. WATSON. 


The products of the reaction between thionyl chloride and 2-chloro- 
propane-1 : 3-diol include two crystaliine products, identified as the geometric 
isomers of the cyclic 2-chlorotrimethylene sulphite. Infrared absorption 
spectra of these and of related compounds are discussed with reference to the 
conformational and configurational problems involved 


fue reaction of thionyl chloride with 1 : 2- and with 1 : 3-diols is known to result in the 
formation, often in good yield, of cyclic sulphites, and a number of these have been 
described..* Geometrical isomerism dependent on the pyramidal arrangement of the 
groups attached to the sulphur atom should be possible in suitably substituted sulphites, 
by analogy with the similar geometrical isomerism observed in sulphoxides.* In the 
present work, the reaction between thionyl chloride and 2-chloropropane-l1 ; 3-diol has 
been studied. Fractional distillation of the product gave two isomeric sulphites, A, 
m. p. 42°, and B, m. p. 62°, Their infrared spectra have been compared with those of 
related compounds, including the cyclic sulphite of 56-cholestane-36 : 5-diol. In this 
compound, the rather rigid steroid skeleton limits the conformational possibilities for th« 
position of the S=O bond. From the comparisons, it is deduced that compounds A and 5 
are the geometric isomers of 2-chlorotrimethylene sulphite. Their conformations and 
configurations are discussed below in terms of conformational analysis.* ® 

Note added May \st, 1956.—Szmant and Emerson ™ reported the infrared stretching 
frequencies of the S=O bonds in some of the cyclic sulphites examined by us, Theit 
values for ethylene sulphite (1220 cm.“!) and propylene sulphite (1222 cm.~!) agree fairly 
well with ours (1214 and 12165 cm." respectively). Their value for trimethylene sulphite 
(1220 cm.) differs from ours; since they used a dilute solution in carbon tetrachloride, 
they possibly failed to resolve the two bands which we observed for this compound at 
1190 cm.! and 1234 cm.4, From the regularity of its occurrence in 1: 3-sulphites, we 
regard the former band as that of the S=O stretching vibration. 


EXPERIMENTAI 


2-Chloropropane-1| ; 3-diol was prepared by the method of Glattfield ef al, A monochloro 
hydrin mixture (300 g.; prepared from allyl alcohol and chlorine in the presence of aqueous 
odium carbonate) was treated several times with acetone in the presence of sulphuric acid and 
sodium sulphate. Each time, the isopropylidene derivative of 3-chloropropane-1 : 2-diol was 
separated from the residual monochlorohydrin mixture, which in this way was gradually enriched 

in 2-chloropropane-1 ; 3-diol. Finally, there was obtained a product (60 g.), b. p. 96 
98°/3 mm., n? 1-4818. Kinetic analysis’ of this showed that less than 10% of the isomeric diol 

was present 

3-Chloropropane-l : 2-diol was recovered from its isopropylidene derivative, obtained as a 
by-product in the above preparation. It had b. p, 96-—-98°/3 ram., nf 14790, and a 0-054n 

lution reacted with 0-054n-sodium hydroxide in water at 25° with k, =~ 10-81. mole min. 
Reaction of Thionyl Chloride with 2-Chloropropane-\ : 3-diol.-2-Chloropropane-l : 3-diol 
(20 g.) was refluxed for 12 hr. with thionyl chloride (13-4 m1.) and ether (100 m1). The product 
vas fractionated, giving the following materials: (i) 13 ¢., b. p. 67--73°/12 mm.; this solidified 
on cooling, and recrystallisation from water gave trans(?)-2-chlorotrimethylene sulphite as needles 
\), m. p. 42° (Found: C, 22-7; H, 3-0; Cl, 22:3; S, 20-2. C,H,O,CIS requires C, 23-0; H, 
Cl, 22:7; S, 206%). (ii) 7 g., b. p. 73-—84°/12 mm, solidifying partly on cooling. 


' Carlson and Cretcher, J. Amer. Chem. Soc., 1947, 69, 1952 
Majima and Simanuki, Proc. Imp. Acad. (Tokyo), 1026, 2, 545 
Kell and Bennett, /] 1927, 1708; 1929, 16 
* Barton, /., 1953, 1027. 
Kliyne, ‘ Progress in Stereochemistry,’’ Butterworths, London, 1954, p. 36 
Glattfield, Seavell, Spieth, and Hutton, /. Amer. Chem. Soc., 1931, 68, 3169 
mith, Z. phys. Chem., 1918, 92, 717 
3P 
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(iii) 3.g., b. p, 96°/12 mm., solidifying on cooling. Recrystallisation from water gave cis(/)-2 
chlovotrimethylene sulphite as plates (B), m. p. 62° (Found : C, 23-0; H, 3-2; Cl, 23-1; S, 20-4%). 
[he materials A and B were not dimorphic forms of the same substance, since they had different 
b. p.s, and a mixture of the two was liquid at room temperature. 

Reaction of Thionyl Chloride with %3-Chloropropane-| : 2-diol.—3-Chloropropane-1 : 2-diol 
10 g.) was refluxed for 12 hr. with thionyl] chloride (6-7 ml.), toluene (50 ml.), and ether (50 m1.). 
Fractional distillation gave 3-chloropropylene sulphite (9-5 g.), b. p. 95°/12 mm., 210°/760 mm., 
n® 1-4808 (Found: C, 23-4; H, 3-6; Cl, 19-7; S, 22-56%). 

Reaction of thionyl chloride with this diol in the presence of pyridine gave mixtures 
containing also dichlorohydrins and trichloropropane. 

Cyclic Sulphite of 58-Cholestane-36 : 5-diol.—This was prepared by the method used for 
anhydrostrophanthidin 3: 5-sulphite by Plattner, Segre, and Ernst. The diol (135 mg., 
double m, p. 141--142°, 150-——152°; Plattner, Heusser, and Kulkarni *® report m. p. 149°) was 
dissolved in dry chloroform (15 ml.), and ca. 5 ml. of chloroform were distilled off. The solution 


Infrared absorption bands (cm."') of cyclic sulphites. 
a) Ethylene sulphite; (6) propylene sulphite; (c) 3-chloropropylene sulphite; (d) trimethylene 
ulphite; (¢) 1:3-butylene sulphite; (f) sulphite A; (g) sulphite B; (h) cyclic sulphite from 
5f-cholestane-36 : 5-diol 
1 ; 2-Sulphites 


(b) (d) (e) (f) (g) 
Hllw 620w 6l4w 6liw 
622m 635m 62810 623m 

670w 666w 
675m 674m 6758 689m 674s 
606m 708s 690m 7008 

733m 724m 730s 

742m 749m 

764m 


1: 3-Sulphites 


822m slow S81 Sw 
826w 828m 
844m if s46w S45 838s 
870m 
S80w 
SHS ROW 
04w vl7w 927 w 
035s O34w 
O51 62s 052s 960s 
974w 998m 986m 
1017m 1008s 1001s 
1078m 1048m 
1087s 1097s 


830m 


21 


1011 1026m 1010s 
1061m 1050m 1061m 
1090w 1078w 
1105w 1106w 
11280 lidiw lld4iw 1133w 1122 
1153w 1153w 1152w 
1160w 1184m 
1100s 1195s 1188s 1189s 


1234m 1230w 1239m 1230m 
1250w 
1277m 1274m 1288s 
1308w 1208w 1315w 1303m 
1333w 1330m 
1385m 1367m 1387m 1388m 
1425m 1428s 1448m 
1454m 1467m 1467m 1467m 1467m 


" strong; m medium; w weak 


ooled to 12°, and pyridine (1 ml.) and thionyl chloride (0-75 ml.) were added The 


was kept for 36 hr. at room temperature and then cooled to 0°, and ice, water, and ether 
were added Che ethereal solution was washed with water, dilute sodium hydrogen carbonate 
olution, and water again, dried (Na,SO,) and evaporated, The residue (135 mg.) was chrom 
The bulk of the material was eluted 


mixture 


atographed on alumina (acid-washed, activity II; 4 g.). 


* Plattner, Segre, and Ernst, Helv. Chim. Acta, 1947, 30, 1432 
* Plattner, Heusser, and Kulkarni, ibid., 1048, 31, 1885 
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with light petroleum (b. p. 40—60°) containing 10% or 20°, of benzene. After crystallisation 
from pentane, the sulphite formed small prisms, m. p. 160-—-162° (a polymorphic form, prisms, m, p. 
135-—-137°, was sometimes obtained from pentane or from methanol) (Found: C, 72-0; H, 10-2; 
5S, 6-5. Cy,H,,O,S requires C, 72-0; H, 10-2; 5S, 71% a]\p + 45° (c 1-4 in CHCl), [M)p + 20°. 

Other Cyclic Sulphites.—These were prepared by refluxing the appropriate diol with thionyl 
chloride. The products, which were washed with water, dried (K,CO,), and fractionated, had 
the following properties : ethylene sulphite,' b. p. 90°/42 mm., mn? 1.4448; propylene sulphite,” 
b. p. 92°/40 mm., n? 1-4354; trimethylene sulphite,* b. p. 90-—91°/38 mm., nP 1-4498; cyclic 
sulphite ” of (-+-)-butane-1 : 3-diol, b. p. 59°/10 mm., mn? 1-4437. We are indebted to Mr. D, J. 
Phillips for the preparation of the last compound, 

Infrared Spectra,—These were recorded with a Hilger D209 spectrometer, used as a single 
The liquids were placed between rock-salt or potassium bromide windows, 
depending on the region being scanned. The solids A and B were melted, then placed between 
the appropriate windows, and allowed to crystallise before their spectra were recorded, No 
washers were used, the films being of capillary thickness. The cyclic sulphite of 58-cholestane- 
36: 5-diol was examined only in the region 1000—1300 cm.~!, as a crystalline film obtained by 
evaporation of a solution in carbon disulphide. 

Che spectral maxima are recorded in the Table. A number of bands, recorded in the region 
3000 cm.“ result presumably from C~H vibrations and have not been included 


beam instrument. 


DISCUSSION 

Chat the compounds A and B are cyclic sulphites is proved by analysis, in conjunction 
with the facts that neither chlorine nor sulphur dioxide is readily displaced in acidic or 
neutral hydrolysis, whereas sulphite ion is rapidly and quantitatively liberated in alkaline 
olution at room temperature. The possibility of rearrangement during the reaction of 
the diol with thionyl chloride, giving 3-chloropropylene sulphite, is unlikely on @ priort 
grounds, for one would not expect carbon-oxygen fission during the condensation 
Rearrangement is made still more unlikely by the fact that the latter sulphite can be prepared 
independently and has properties different from those of A, B, or a mixture of A and B. 

rhe infrared absorption spectra give conclusive evidence that A and B are indeed 
| : 3-sulphites. First, the 1 : 2-sulphites, including 3-chloropropylene sulphite, have no 
absorption bands in the region 600—640 cm.'. The simple |: 3-sulphites, however, 
including A and B, have a characteristic weak band at 610—620 cm."', and another of 
medium intensity at 620—635 cm.!. These bands, which have simiiar contours, can, 
from their low frequencies, be attributed most plausibly to vibrations of the six-membered 
ring. Their absence in the more rigid 5-membered ring-structure is on this basis not 
surprising. Secondly, all the 1 : 2-sulphites, including 3-chloropropylene sulphite, have a 
strong absorption band at about 1214 cm.~!, almost certainly to be attributed to the S=O 
stretching frequency, which customarily appears in this region.’ The 1 : 3-sulphites, 
including the compounds A and B, also have a similar band, but it is consistently displaced 
by about 25 cm.~!, to about 1190 cm."!. 

From these facts, it is deduced that compounds A and B, prepared from 2-chloropropane 
1: 3-diol, are 1: 3-sulphites, obtained without rearrangement The conformational 
arrangement of the C—Cl bonds in these compounds can be assigned with a fair degree of 
certainty For such bonds, it has been established that higher stretching frequencies are 
to be associated with equatorial than with axial substituent This was first shown by 
Larnaudie,* who investigated a number of substituted cyclohexanes, including the chloro 
cyclohexanes. Recent work by Barton, Page, and Shoppee," to whom we are indebted for 
details made available to us before publication, has confirmed this generalisation by 
comparison of the spectra of a large number of isomeric pairs of halogeno-steroids, For 
the compounds investigated in this work, the strong absorption bands, at 730 cm." for A 
and at 700 cm.~! for B, can very reasonably be identified as C—C1 stretching frequencies, 
’ Myles and Pritchard, U.S.P. 2,465,915; Chem. Al 1949, 43, 4853 
'! Vogel-Hégler, Acta Phys. Austriaca, 1948, 1, 328; Barnard, Fabian, and Koch, J., 1949, 2442 
'* Larnaudie, Compt. rend., 1052, 235, 154; 1953, 236, 900 
‘* Barton, Page, and Shoppee, /., 1966, 331 
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ince, in the chlorocyclohexanes, equatorial and axial C-Cl bonds have frequencies of 
aisorption in these regions, and separated, in isomeric pairs, by about this amount. ” 
lt seems very probable, therefore, that compound A has an equatorial C~Cl bond, and 
compound B has an axial C~Cl bond; and it seems likely that both of these compounds, in 
the crystalline state, exist substantially in one conformation. 

All the simple 1; 3-sulphites have absorption bands, which may reasonably b 
attributed to the S=O stretching frequency, at about 1190 cm.-'. The cyclic sulphite 
prepared from 5$-cholestane-36@ : 5-diol also has a strong absorption band at 1192 cm.", 
almost identical with those observed in the spectra of the other 1 : 3-sulphites: it must 
have configuration (1) or (11), where the sulphite-containing ring is represented as in the 
plane of the paper: the S=O bond is trans in (I), and cis in (11), to the bridge formed by the 
remainder of the steroid a-ring. For each configuration, two conformations are possible, 
with the sulphite ring in the chair or boat form respectively. The two preferred conform 
ations are (1; chair) and (11; boat), shown in perspective as (1A) and (IIA) respectively, 
in each of which the S=O bond is equatorial. In the other two conformations, (1; boat) 
ind (II; chair), the axial position of the S=O group would involve a prohibitively large 


il) (th) (1A ) (ILA) 


repulsion between the oxygen atom and the 46- or 16-hydrogen atom respectively. Hence, 
whichever geometrical isomer (I or II) has been obtained, the S=O bond must be 
ecjuatorial.* 

It must now be considered whether the nearly identical position of the 5=O absorption 
band in compounds A and B, and in the other 1 ; 3-sulphites including the cyclic sulphite 
from 56-cholestane-38 : 5-diol, can be taken as evidence that the conformational arrange 
ment of the S=O linkage is the same in all these compounds. For substituted steroids, 
absorption-frequency differences of similar magnitude between axial and equatorial 


* The possibility should be noted that in the bicyclo[3 ; 3: 1Jnonane system (111) and its relevant hetero 
inalogues, of which the above cyclic sulphite is an example, one of the two rings may in general exist 
in a boat form (IILB). Vor one of the major factors considered to contribute to the instability of boats 
in simple cyclohexane derivatives is the repulsion between the two ‘' flagpole "’ hydrogen atoms (written 
as H, H in formula ITT), 1-83 A apart. In the two-chair conformation (IIIA), however, the distances 
between the two hydrogen atoms H’, H’ is only about 1-2 A, and so (IIIA) is likely to be less stable than 
111/%), which may be the preferred conformation. Nitrogen-containing analogues of this steric typ 
belonging to the sparteine series have recently been discussed.’ 


(lA) (6a) 
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eonard, Thomas, and Gash, /. Amer. Chem, Soc., 1955, 77, 1652; cf. Lewis and Shopp« 
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substituents have been established for the chloro-, bromo-, iodo-, hydroxy 
methoxy-, acetoxy-, and deutero-substituents.%**!* A theoretical interpretation has 
been given * #6 for the direction of this difference, namely, that in the stretching vibration 
of an equatorial bond the motion of the ring-atom corresponds essentially with the 
stretching and compression of the six-membered ring, whereas, for an axial substituent, 
bending of the ring is involved. This would be expected to lead to a higher frequency for 
the stretching of the equatorial than of the axial bond, since the forces resisting ring 
stretching and -compression are greater than those opposing ring-bending. 

There seems to be no reason why the same principle should not apply to the 5=O group, 
the infrared absorption characteristics of which are known to be markedly affected 
by change in the environment of the bond." However, since as yet no definite evidence 
has been given concerning the absorption frequency to be associated with the stretching 
of axial S=O groups, the possibility exists that axial and equatorial S=O groups, in sulphites, 
should be assigned the same absorption frequency. 

We prefer the alternative opinion, however, that all the | : 3-sulphites described in this 
paper have the S=O bond in the equatorial conformation. To assign the configurations of 
the isomeric 2-chlorotrimethylene sulphites on this basis, it has to be considered whether 
chair or boat conformations are most likely in these systems. In these sulphites, repulsions 
between “ flagpole '’ hydrogen atoms are absent. On the other hand, both the C-Cl and 
the S=O group are strongly dipolar. Electrostatic interactions would, therefore, tend to 
keep these groups apart, and make boat forms unstable with respect to chair forms. 
Analogously, the chair predominates over the boat form in cyclohexane-1 : 4-dione ™ by 
the ratio of approximately 9:1. We consider, therefore, that similar repulsions would 
make chair forms preferred to boat forms in the cyclic sulphites under consideration. 

If the above assumptions are well founded, then the sulphite A, m. p. 42°, is the 
diequatorial trans-2-chlorotrimethylene sulphite (1V), and the isomer B, m. p. 62°, is 
2-chlorotrimethylene sulphite (V) with the chlorine substituent axial and the 5=O group 


cis-2 
equatorial. We propose this as a tentative assignment of the configurations of thes« 


( ompound 
¢ = Oo 


5, = 


(lV) C 


ci“ \ 
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356. The Structure of Sterculic Acid. 
By P. K. Faure and J. C. Smiru. 


Infrared data support the conclusion that the sterculic acid molecule 
contains a cyclopropene ring,’ which appears to be characterised by a strong 
absorption near 9-92 4 and a weak absorption near 5-35 wu, The infrared 
absorption band at 6-09 4% on which Verma, Nath, and Aggarwal base their 
formula for the acid is absent from freshly prepared specimens. The 
instability of the free acid appears to be due to the opening of this ring 
across the single bonds by interaction with the carboxyl group. Additional 
chemical evidence is presented for the production of 9 : 11-dioxononadeca- 
noic acid on ozonolysis of sterculic acid, All the evidence is consistent with 
the structure w-(2-n-octyleycloprop-1l-enyl)octanoic acid for sterculic acid, 


rue structure of sterculic acid was suggested by Nunn! as w-(2-n-octyleycloprop-| 

enyljoctanoic acid (I), Infrared measurements were used to confirm the presence of a 
cyclopropane ring in dihydrosterculic acid, but the structure was deduced entirely from 
chemical evidence, Disregarding the latter, Verma, Nath, and Aggarwal * have considered 
tructure (I) to lack supporting evidence in the fixing of the position of the double bond, 
which they have tried to do more exactly by means of the infrared spectrum of sterculic 
acid itself. They found bands at 9-96 u and 6-09 yu, in the regions characteristic of cyelo- 
propane derivatives and of C=C double bonds, respectively, and proposed the alternative 
structure (II), in which the three-membered ring and double bond form a “ conjugated ”’ 


CHyICHy C= =C1CH COM (1) 
CH, 
CHy[CH,]CH~EH-CH:CH{CH,],CO.H (II) 
CH, 


system. Dijkstra and Duin*® argued in support of structure (1) that the difference in 
absorption noted between dihydrosterculic acid (9-79 4) and sterculic acid (9-91 y) is greater 
than that which would be expected from such conjugation; further, it is in the opposite 
direction. Such a system would not be as reactive as sterculic acid. 

A sample of freshly prepared sterculic acid, obtained by the urea-complex method,' 
had m. p. 18-2—~18-3°, nif* 1-4643 (Verma ef al.* give m. p. 19°, ni? 14758). The infrared 
spectrum of this acid, taken within two hours of its isolation, showed a very strong band 
at 9-92 u, but no band at 6-09 4. When the acid was kept at 20--25° a band appeared at 
6-07 uw; after 20 days this band was very distinct whereas the band in the 9-9 u region had 
then almost completely disappeared. A specimen which had been kept for 32 days was 
a colourless viscous liquid, n?* 1-4801, equiv. 4780; its spectrum was identical with that 
of the sample kept for 20 days. The shift of wavelength from 9-92 y to 9-80 uw found on 
conversion of sterculic acid into dihydrosterculic acid was accompanied by about 50%, 
diminution in intensity. Both bands lie within the region 9-8—10-0 4 proposed by Derfer, 
Pickett, and Boord ¢ as characteristic for cyclopropane groups, but Slabey,® from a study 
of 34 compounds containing this ring, found the maximum absorption at 979 + 0-04 u in 
all but the two cases of a monosubstituted ring, and generally at slightly lower wavelengths 
when two ring-hydrogens were replaced. The spectrum of dihydrosterculic acid was the 
ame as that recorded by Hofmann et al.,6 who showed conclusively that the band at 
80 u was due to the presence of the cyclopropane ring by comparison with the spectra 
of two synthetic long-chain acids containing such a ring. 

Although the cyclopropane ring appears an improbable structure from the viewpoint 

' Nunn, /., 1952, 313 

* Verma, Nath, and Aggarwal, Nature, 1955, 175, 84. 

* Dijkstra and Duin, ibid., 1955, 176, 71 

* Derfer, Pickett, and Boord, J]. Amer. Chem. Soc., 1949, 71, 2482 


* Slabey, thid., 1954, 76, 3604. 
* Hofmann, Jucker, Miller, Young, and Tausig, ibid., p. 1799 
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of bent bonds, Walsh’ has predicted theoretically that such a structure is possible and 
stable. In this ring, because of its smallness, the two double-bonded carbon atoms are 
virtually linked by a third bond through the intermediate carbon atom, and one would 
expect from general considerations that the strain on the C=C link and its bonding force 
would be intermediate between those of the normal ethylenic and of the acetylenic linkages. 
Dunitz, Feldman, and Schomaker*® have measured this interatomic distance in cyelo- 
propene by an electron-diffraction method as 1-28, +004 A, which lies between the 
normal bond lengths of 1-35 A for C=C in ethylene and 1-20 A for C®C in acetylene.” It 
seems reasonable, therefore, to suppose that the stretching-vibration frequency of the 
C=C bond in a cyclopropene group will be intermediate between that of an ethylenic and of 
an acetylenic bond, and that the presence of such a ring will result in a band somewhere 
between 6-1 » and 4-6 » where these respective absorptions usually occur." The actual 
position of the cyclopropene vibration will, of course, depend to some extent on the nature 
of the substituent groups. Such a band was found in the spectrum of fresh sterculic acid 
at 5-35 u, in a spectral region which is usually very empty. The band was quite distinct, 
though not very intense (about 7% absorption for an approximately 1-9% w/v solution 
in carbon disulphide in a 0-5 mm. cell). However, a strong band would not be expected 
here because of the symmetrical placing of the ring in the molecule.“ This band cannot 
result from conjugation of a cyclopropane ring with a C=C double bond, since aliphatic 
conjugation usually shifts the absorption to slightly longer wavelengths and enhances 
the intensity. 

Although the cyclopropene group is a possible stable structure, it would be expected 
to be fairly reactive. That the rapid polymerisation of sterculic acid is associated with 
the presence of this ring and involves its destruction is readily seen from the infrared 
spectrum of the polymerised material, in which the band at 5-35 u has completely dis- 
appeared and only a very weak absorption still remains near 9-9 u. The carboxyl group 
also takes part in this reaction. This is borne out by the high equivalent weight of the 
polymerised material, and by the infrared spectrum, in which the very broad absorption 
between 3 and 4 u, the broad, strong band at 10-7 u, and the band at 7-78 y, all of which 
are characteristic of fatty acid spectra and are associated with the presence of the carboxylic 
acid group,"* have disappeared. From the spectrum it seems that an ester has been 
formed, for the C=C stretching absorption has shifted from 5-86 yu in the acid to 5-76 yu in 
the polymerised material, and a strong, new band has appeared at 858 yu. Both these 
bands, and the shift in C=O absorption, are characteristic of esters and lactones.‘ Nunn! 
has suggested that sterculic acid polymerises by reaction of the carboxyl group with the 
doub'e bond, but the appearance of a double-bond absorption band at 6-07 u in the spectrum 
of the polymerised material which is not present in the fresh sterculic acid spectrum, 
together with an increase in the methyl-group absorption '® at 7-27 yu, indicates that the 
reaction occurs by splitting of the C-C linkages and opening of the ring. It seems most 
unlikely that the three-membered ring in the conjugated structure (II) would be opened 
by reaction with the carboxyl group at room temperature, when even fully conjugated 
acids such as octadeca-9 : 11-dienoic acid are fairly stable 

The key compound in Nunn’s chemical evidence ' for structure (I) was the dioxo-acid 
obtained by hydrogenation of the ozonide formed from sterculic acid, and deduced to be 
9 : 11-dioxononadecanoic acid (III). This compound would not be produced on ozonolysis 
of structure (II), Its identification as (III) depended on its ultraviolet absorption spectrum, 
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its reaction with ferric chloride, and on its oxidative degradation to the expected fragments 
Additional chemical evidence of the correctness of this structure has now been obtained. 
The infrared spectrum of a new sample showed a very broad, strong band at 6-24 u, which 
is characteristic of 6-diketones in the enolised form.*® The dioxo-acid and its ethyl ester 
gave an intense red colour with alcoholic ferric chloride, and the ester yielded a light-blue 
copper derivative, m. p, 90-92”, crystallising easily from methanol and very soluble in 
cold benzene. Alkaline hydrolysis of the dioxo-acid (III) should yield four products 


CHy[CH,]},CO-CH,-CO{CH,],,CO,H_ (II) 


nap ae 


(IV)  CHy{CH,],CO-CH, CH,{CH,],CO,H (VI) 
(Vv) + COH-{CH,],-CO,H + CHyCO{CH,),CO,H (VII) 


Of these, methyl m-octyl ketone (IV), azelaic acid (V), and 9-oxodecanoic acid (VII) have 
now been isolated and identified. 

All the spectral and chemical evidence which exists with regard to sterculic acid supports 
the originally proposed structure (I). 


EXPERIMENTAL 
M, p.s are corrected, 


Isolation of Sterculic Acid,—Sterculia foetida seeds were obtained from the Forest Research 
Institute, Bogor, Indonesia, The pulverised kernels (ca. 58%, of total seed) yielded a yellow 
oil (48%) when stirred with five portions of warm isohexane (ca. 40°), The oil was saponified, 
and the acids liberated with concentrated hydrochloric acid were converted into their urea 
complexes, from which the sterculic acid was eventually isolated. The acid, crystallised from 
acetone, had m, p. 18-2—18-3°, nif* 1-4643. It polymerised rapidly to a colourless, syrupy 
liquid : a sample left at room temperature (20-—25°) for 32 days had n#** 1-4801, equiv., 4780 

Preparation of 9: 11-Dioxononadecanoic Acid,—Sterculic acid was ozonised in cold ethy! 
acetate, the ozonide then hydrogenated in the presence of 30%, palladised charcoal, and from 
this mixture 9: 11-dioxononadecanoic acid (II1) was isolated via the sodium salt. The acid 
crystallised from hexane in plates, m, p. 59-6—659-9° (Found: C, 69-9; H, 10-5. Calc. for 
CyyH,O,: C, 699; H, 10-56%). Nunn! reported long needles, m. p. 57-5-—58-3°. It gave 
an intense red colour with alcoholic ferric chloride. 

Ethyl ester. In one preparation of the dioxo-acid the solution in ethyl acetate had to be 
left for 2 days, and it was decided to complete the esterification, Ethanol and a drop of concen 
trated sulphuric acid were added and the mixture left for 4 days, The resulting neutral product 
melted at 18° and gave an intense red colour with alcoholic ferric chloride, Reaction with 
copper acetate in methanol produced a grey-green precipitate which, crystallised from methanol 
(green solution), gave a light-blue solid, m. p. 90—92° (Found: Cu, 8-3. C,,H,,O,Cu requires 
Cu, 82%). This copper derivative was very soluble in cold benzene, but not soluble in chloro 
form, with which it appeared to react when warmed; hydrochloric acid regenerated the ester, 
m, p. 19°, 

Alhaline Hydrolysis of 9: 11-Dioxononadecanoic Acid (II1).-The sodium salt (1-4 g.) was 
heated under reflux with potassium hydroxide (1-0 g.) in 50% ethanol (10 ml.); during 30 min 
water (11 ml.) was added, and the mixture was left simmering overnight. The sweet-smelling 
layer, isolated by extraction with pentane, was an oil of m. p. 2° (0-21 g.), Rupe and Willi” 
gave 25° as the m. p. of methyl n-octyl ketone (IV). Our ketone (0-21 g.) was heated with 
p-nitrophenylhydrazine (0-165 g.) in ethyl alcohol (2 ml.) near the b. p., and 1 drop of acetic acid 
added, The orange precipitate, recrystallised from hexane-—ethy! acetate, gave bright yellow 
crystals, m. p. 94-56-—96° (Found: C, 66-5; H, 86. C,,H,,O,N, requires C, 66-0; H, 8-6%) 
A specimen of methyl n-octyl ketone prepared according to Rupe and Willi’s method,” melted 
at 2-3° and gave a p-nilrophenylhydrazone, m. p. 96-—97-5°. A mixture of the two samples 
melted at 94-56-—06-5° 

rhe alkaline solution (above) which had been extracted with pentane was acidified and the 
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liberated acids were extracted with ether; the ethereal extract was shaken for 17 hr. with a 
saturated solution of sodium hydrogen sulphite and set aside for 2 days, From the precipitated 
crystals of the bisulphite addition conypound, a keto-acid (0-4 g.), m. p. 20°, was obtained. The 
semicarbazone behaved similarly to that of 9-oxodecanoic acid as described by Barger, Robinson, 
and Smith :™ it first melted over a range 110—130° (from ethyl acetate) but, when heated to 
80° for 4 hr. in a vacuum, it lost 13-8% of its weight and then melted at 129-—-130°. Barger, 
Robinson, and Smith ™ recorded m. p. 127° (Found: C, 54-2; H, 8-5; N, 173%; equiv., 245-4, 
Calc, for C,,H,,0,N,: C, 54-3; H, 87; N, 17-3%; equiv., 243-3). 

Che ethereal layer of the filtrate from the bisulphite addition compound was separated, 
washed with water, dried, and evaporated: a soft mass of crystals remained, After being 
washed with pentane and then with warm water, the residue was crystallised from hot water, 
yielding plates, m. p. 105-—-106° alone or when mixed with an authentic specimen of azelaic 
acid (Found: C, 57-6; H, 86%; equiv., 94-7. Calc. forC,H,,O,: C, 57-4; H, 86%; equiv., 
94-1) 

Infraved Spectra.—These were recorded on a Perkin-Elmer Model 21 double-beam spectro- 
photometer with sodium chloride optics, The spectra of all the substances were taken in both 
carbon disulphide and tetrachloroethylene solutions (about 1-5—-2% w/w in a 0-5 mm. cell) in 
order to cover the complete range from 2 to 15 u 


We thank the Scientific and Research Department, ISCOR, Pretoria, for the use of their 
infrared spectrometer, and Dr. D. A. Sutton for helpful discussions. One of us (J.C.5S.) is 
indebted to the Royal Society and the Nuffield Foundation for a Commonwealth Bursary 
which enabled him to take part in this investigation, This paper is published with the per- 
mission of the South African Council for Scientific and Industrial Research 
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357. ‘U'he Atom Polarisation of Some Co-ordination Compounds 
of Metals, 


By (Mrs.) J. Macogueren and J. W. Smrrn. 


The dielectric constants, specific volumes, and refractive indices of 
benzene or dioxan solutions of the aluminium and the ferric complex of 
acetylacetone, the beryllium and the ferric derivative of dibenzoylmethane, and 
of a number of trans-planar complexes of copper and nickel have been measured 
at 25°. The differences between P, and [J?,) derived from these results are 
interpreted as atom polarisations arising principally from bending vibrations 
in which the chelate rings act as units. By making certain assumptions 
regarding the effective electric moments of the vibrating units, the apparent 
force constants of these vibrations have been calculated, The results are 
discussed in relation to the flexibility of the molecule, and arguments are 
given in favour of their interpretation as atom polarisation rather than as 
arising from the presence of permanent dipole moments in the molecules as 
a whole, 


In 1932 it was observed ! that the molecular polarisations (P) of basic beryllium acetate 
and the acetylacetone complex of beryllium in benzene or carbon tetrachloride solution 
exceed their molecular refractions ({R)) by about 30 c.c. As evidence had been obtained 
that some other compounds with highly dipolar bonds, such as co-ordinate linkages, had 
rather large atom polarisations (,P), and since crystal-structure measurements indicated 
that the basic beryllium acetate molecule is symmetrical, it was suggested that the 
P R) differences were due to high ,P values, and not to the presence of permanent 
dipole moments in the molecules. 

Although initially this interpretation was not generally accepted, confirmation of the 


! Smith and Angus, Proc. Roy. Soc., 1932, A, 187, 372 


1822 Macqueen and Smith: The Atom Polarisation of 


results was obtained when Finn, Hampson, and Sutton * obtained similar P R 
differences for acetylacetone complexes of beryllium and other metals in various solvents 
Coop and Sutton * showed that these differences also exist in the vapour state, and, from 
exhaustive consideration of factors which might give rise to them, it was inferred that the 
original explanation was correct. 

[he Sellmeier dispersion equation, statistical arguments,‘ and simple geometrical 
treatraent of the mechanics of the molecules ® all indicate that ,P can be expressed in 
terms of the force constants (k) associated with the various modes of vibration of the 
molecules and the effective charges (¢,) displaced during these vibrations by the relation 


aP = > (4xNe_*/9k;) 
‘ 

Hence the largest contributions to ,P come from the vibrations of low force constant, and, 
in the absence of low-frequency torsional vibrations, these will be bending vibrations. For 
a single such bending vibration the contribution to ,P is 4nNe,7/9k; = 4nNe,AR2/9R?Zk;, 
irNu?/9k,,, where R, is the effective length of the vibrating system, &,,; is the force constant 
of the bending vibration in erg/radian*, and y, is the electric moment of the vibrating unit 
Hence, if the molecule has one type of bending vibration with a particularly low force 
constant, ,P is given very closely by ,.P = 4nzNu,*/9k, where z is the number of degenerate 
one-dimensional vibrational modes of this type associated with the molecule. 

Coop and Sutton * pointed out that for the metal-acet ylacetone complexes the vibration 
likely to determine the value of ,P are those associated with the vibration of the rings, as 
units, relative to the remainder of the molecule. In tetrahedral, octahedral, and cubi 
complexes, therefore, the chelate groups can be regarded as acting as 2, 3, and 4 on 
dimensional vibrators, respectively. Hence, if the force constants k, and electric moment 
, associated with the ring systems are of the same order of magnitude in each case, the 
.P values for these three groups of compounds would be expected to be approximately in 
the ratio2: 3:4, The experimental results show this to be the case 

since systematic studies of compounds of this type have been largely confined to the 
metal-acetylacetone complexes, polarisation measurements have now been made on 
olutions of other co-ordination compounds in which similar behaviour is to be expected 
In the absence of the possibility of studying them in the vapour state, it would have been 
preferable to use only carbon tetrachloride or benzene as solvent for these compound 
Only a few of them, however, are sufficiently soluble in these solvents to permit their study 
with any reasonable degree of accuracy; but it has been found that for co-ordination 
compounds studied both in benzene and in dioxan only slightly higher P, and P, Ry 
values are obtained when the latter solvent is used. The range of compounds investigated 
has therefore been extended by using dioxan as solvent when the solubility in benzene was 
found to be too low for useful measurements to be made. The compounds now studied 
include the aluminium and the ferric complex with acetylacetone, the beryllium and the 
ferric derivative of dibenzoylmethane, and a number of planar complexes of copper and 
nickel 

lhe direct determination of the molecular refractions of some of these compound 
proved difficult. In many cases the solutions were highly coloured, a factor which not only 
rendered the refractive index measurements difficult, but also threw doubt upon the value 
of the results owing to the incidence of anomalous dispersion. In such cases, therefore, the 
R»| values have been calculated from the molecular refractions of the parent organic 
compounds, the contributions from the metal atoms and the bonds associated with them 
being taken as the mean values found for these contributions in compounds for which the 
measurements did not seem to be vitiated by anomalous dispersion: the allowance made 
was 12 c.c. for both copper and nickel. 

rhe results are summarised in Table 1, where a, 8, and y are the limiting values of 


i 


* Finn, Hampson, and Sutton, J., 1938, 1254 
* Coop and Sutton, /. 1938, 1269 
* Davidson and Sutton, /., 1939, 347 
Barriol and Regnier, /. Chim. phys., 1952, 40, 213 
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de/dw, du/dw, and dn*/dw, respectively, at zero concentrations. {Rp} values calculated as 
described above are shown in square brackets. 

Che measurements on aluminium and ferric complexes with acetylacetone confirm those 
of Finn, Hampson, and Sutton,” especially in showing that for the latter compound ,P is 
rather greater than would be expected from the values for other compounds of the type 


TABLE 1. Summary of polarisation data. 


Compound Solvent 10% 10°8 
Aluminium-acetylacetone Benzene 861 310 
Dioxan 1121 121 
Ferric-acetylacetone Benzene 1056 373 
Dioxan 1337 190 
Jeryllium-—dibenzoylmethane . Benzene 910 343 
Dioxan 1130 159 
Ferric—dibenzoylmethane Benzene 1130 386 
Dioxan 1440 187 
Aluminium-diethyl malonate Benzene 754 
trans-Copper—salicylaldehyde Dioxan 2000 
trans-Copper~salicylidenemethylamine... Dioxan 1562 
trans-Copper~—salicylidene-p-chloroaniline Dioxan L180 
trans pper-salicylidene-p-bromoaniline Dioxan | 
trans-Copper-salicylidene-p-iodoaniline Dioxan 2 55S 169 (160) 
tran 3-hydroxy-l! : 3-diphenyl- 
triazen ... eesecesseres Dioxan 267 t 155 (155) 
trans-Copper-salicylaldoxime ............» Dioxan $f ; 1 (86 
trans-Nickel-salicylaldoxime ........,...... Dioxan 37: 76 (86) 
trans-Nickel-phenylazo-p-cresol ......... Benzene 41i 5 {149} 
trans-Nickel-2-phenylazopyrrole .......... Benzene { : {116} 


M(acac),. Coop and Sutton ® attributed this to either a large effective moment of the 
vibrating unit or a small force constant, both of which effects would follow if the bonds to 
the central atom were unusually polar in character. It is of interest, therefore, that the 
P, R») value for ferric complex of dibenzoylmethane is much greater even than that 
for the acetylacetone complex. That this is not due to a large additional moment within 
the ligand is shown by the fact that the ,P value for the beryllium complex of dibenzoyl- 
methane is almost the same as for that with acetylacetone. This result, therefore, seems 
to support Coop and Sutton’s explanation, since the more highly polarisable dibenzoyl- 
methane structure would tend to favour an increased polarity in the bonds to the central 
atom. It was impossible to follow this matter further, as the other metallic derivatives of 
dibenzoylmethane which were prepared were too sparingly soluble to permit their study. 

For aluminium-diethyl malonate the difference between P, and [Ry] is appreciably 
greater than for other complexes of aluminium, and hence it probably includes a 
contribution from orientation polarisation arising from rotation of the ethoxy-groups. The 
P, R»| differences for the planar complexes of copper and nickel are much smaller 
than would correspond with the orientation polarisation of the cis-compounds, and can 
therefore be interpreted as being the ,P values for the ¢rans-modifications, confirming the 
general conclusion that when only one form of a complex can be isolated this is usually the 
trans-modification 

In order to calculate the force constants for the vibration of the rings as units it is 
necessary to make some assumptions regarding the effective dipole moments of the 
vibrating groups. For this purpose the value (7:5 p) assumed by Coop and Sutton * in 
calculating the force constants for the acetylacetone complexes has been taken as a basis. 
By assuming the bonds to the central atom to be similar in each case, the modifications to 
this value introduced through the replacement of oxygen by nitrogen, and by the addition 
of polar substituents, have been assessed from the appropriate bond and group moments 

As was done by Coop and Sutton, the chelate groups in the tetrahedral and octahedral 
complexes have been regarded as acting as two and three one-dimensional vibrators, 
respectively In the planar complexes, however, the vibrations of the two rings involve a 
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folding or twisting of the molecule as a whole, so they have been treated as single one- 
dimensional vibrators. As hk, = 4nzNy,"/9,P, it follows, by insertion of the values of 
the universal constants, that ky = 0-841 x 10°" x gu,*/,P erg/radian*, where py, is 
expressed in p and ,P in c.c, 
Phe values of w, assumed for the various compounds and the apparent values of the 
vibrational force constants derived from them are shown in Table 2, which also includes a 
imilar interpretation of previous measurements on analogous compounds. In computing 
the values of ,P for the trans-forms of the nickel-glyoxime complexes, allowance has been 
inade for the contributions to the molecular refraction of the nickel atom and of the bonds 


Taste 2. Atom polarisations and bending force constants for co-ordination compounds 


Compound af’ (c.c.) Ref #4, (D) 10*k, (erg/radian*) 
Beryllium-—acetylacetome co.ccssesceesersneveres Rios. 24 ] 75 3-9 
27 2 75 35 
Beryllium—dibenzoylmethane —on.cccccccecseerceseeeseees SI ° 75 3-1 
KlumminiumM-OCetyIACEtONe’ o..-.cccccrccssceeeecsereeeeveees 40 2 7b 3-6 
45 ° 76 3-2 
berric-acetylacetone ......... paaddbuvtestkebecroebbaabaes 57 2 75 2-5 
H2 ° 75 2-6 
Ferric-dibenzoylmethane ......ccccccseeveces sb daWdebee sO * 7h 1-8 
Chromium-acetylacetOne on... ..cssecccerecseeseennens ° Aa 2 765 3-6 
Cobaltic-acetylacetone ...... jieens weaved oO 3 Th 45 
trans-Copper—salicylaldehyde _..,...... ; 6s . 75 7 
trans-Copper—salicylidenemeth yla mine ’ , ae 7 7-2 O-8 
62 (E> 4 O7 
trans -Copper-salicylidene-p-chloroaniline —. , ‘3 . 6-7 7 
trans-Copper-salicylidene-p-bromoaniline ...... 46 . 67 Os 
trans-Copper~salicylidene-p-iodoaniline ..,... ide 5S . ts 0-7 
trans-Copper-3-hydroxy-1: 3-diphenyltriazen...... 13 ’ 5A 5 
trans-Copper—alicylaldOxime —...ccccceceerversenee 22 ° 72 20) 
trans-Nickel-—salicylaldoxime ,.....:ccccceecreceeeee $1 ° 72 1-4 
trans-Nickel~phenylagzo-p-cresol ....... ssbverononiens , 26 . 5-3 og 
trans-Nickel-2-phenylazopyrrole ....c0:..:cccerereeeeeee 21 ° 66 1-8 
trans-Nickel-methyl-n-propylglyoxime — ........+..00 28 6 7:8 17 
trans-Nickel-methyl-m stlgdoceine gabvcevcevetes ; 24 6 78 2-0 
trans-Nickel-benzylmethylglyoxime ...........-0+e+eeee 23 6 78 2-1 
* Present work, 
associated with it. The figures used, therefore, are 12 c.c, less than the P,, — [R»| values 


recorded by Cavell and Sugden.* 

lhe results for the aluminium— and the ferric~acetylacetone compound are in fair agree 
ment with previous data, whilst, in spite of the greater molecular weight of beryllium 
dibenzoylmethane, its force constant falls in line with the values found for various acety] 
acetone complexes. This observation seems to confirm the essential validity of Coop and 
Sutton’s suggestion that the major contributor to the atom polarisation is the vibration of 
the rings as relatively rigid units. 

rhe planar compounds so far studied fall into two distinct classes, with force constants 
lying within the ranges 0-7—0-9 and 1-4—2>1 erg/radian*, respectively. The latter group 
includes all the five-membered ring complexes studied, together with the salicylaldoxime 
derivatives of copper and nickel. Their ,P values are commensurate with those of tetra- 
hedral complexes. This circumstance, and the fact that although the rings are of very 
different types the force constants derived are all of the same order, appear to justify the 
assumption that the rings are essentially coplanar, the main contributions to ,P arising 
from the vibrations of the rings as units. Unlike the acetylacetone and dibenzoylmethane 
derivatives, the rings in some of these compounds are not symmetrical, and so their 
moments will not act exactly along the bisector of the angle made by their bonds to the 
central atom. The method of treatment holds good, however, if &, is interpreted as the 
force constant with respect to the distortion of the angle between the ring dipoles. 


* Cavell and Sugden, /,., 1935, 621 
’ Charles and Freiser, /. Amer. Chem. Soc., 1951, 73, 5223, 
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The six-membered ring systems, on the other hand, may not be strictly planar and 
hence vibrational modes other than the symmetrical vibrations of the two rings may be 
involved. Such increased flexibility of the system may account for the fact that the 
,.P values for these compounds are generally much greater than for those containing five 
membered rings. The salicylaldoxime complexes seem to be exceptional, but it is possible 


TABLE 3. Polarisation data 
10*w 10*Ae —10%Av 10*An 10*w l0*Ae 10*Av = 10*An 10*w 1l0*Ae 10°Av 104An 
Aluminium—acetylacetone in Ferric—acetylacetone in Beryliium-—dibensoylmethane in 
benzene dioxan benzene 
6028 52 188 3 11,608 155 215 18 4663 40 160 ” 
13,448 115 423 6 22,020 205 420 35 10,531 03 360 20 
19,036 165 584 9 29,560 391 556 46 16,171 148 5O4 30 
27,889 237 861 13 41,3837 553 797 65 23,078 203 780 42 
34,306 293 1067 16 48,029 655 929 77 27,216 243 925 49 
49,313 432 1522 23 60,658 819 1152 U6 44,103 303 1520 SO 
Aluminium—acetylacetone in Ferric—acelylacetone in Beryllium dibensoylmethane in 
dioxan benzene dioxan 
7470 80 97 s 7485 nO 266 7 3748 41 hs 1 
15,269 158 180 17 16,040 177 636 16 7977 02 127 22 
21,9008 242 278 24 32,196 339°: 1216 30 0041 107 153 28 
28,771 313 350 32 36,454 387 1369 34 15,304 175 237 42 
34,787 392 425 30 42,257 447 1555 20,366 234 332 is 
56,832 631 698 64 40,819 523 1860 30,400 = 347 485 a5 
5235 60 71 b Ferric—dibenzovimethane in lb ervic- dibenzoylmethane in 
11,188 123 1! benzene dioxan 
Sa ee! 2230027 88 3 16022 304 
or oe > + 3750 39ts—«*d‘A h 2680 © 40 50 7 
gh i 5158 56 197 - 458668 6 Oo 
56,839 8 “a 864 7420-85 295 13 624287 118 16 
8507 OF 330 14 7695 8612 141 20 
11,339 132 429 20 8731 226 165 23 


iluminium—diethyl malonate in 


benzene 
8741 69 204 2 
15,905 116 468 4 
19,940 153 71 5 
25,179 183 727 5 
30,793 237 878 5 

Copper-salicylaldehyde in 

dioxan 
1407 24 53 3 
2027 rt) 76 5 
3662 69 128 s 
$559 03 164 10 
5847 119 209 12 
6643 132 236 15 


Copper—3-hydroxy-1 


45561 
OR41 
13,678 
18,406 
21,056 
26,621 


lah 
3459 
057 


3-diphenyl 


triazen in dioxan 


39 101 i3 
85 259 25 
119 379 38 
152 492 4h 
188 59 
234 697 
Vickel salicylaldoxime in 
dioxan 
21 3 
3u 6 
58 187 s 
73 245 10 


6561 


Copper—salicylidene-p-bromo 


aniline in dioxan 
2583 27 102 


7334 75 288 i4 

9616 03 372 20 
11,346 105 23 
14,042 132 474 48 
19,740 =104 764 


Copper—salicylidene-p-iodo 
aniline in dioxan 


2139 18 AG 4 
4066 30 204 10 
6636 68 248 i2 
11,842 117 400 22 
11,890 117 Sol 23 
14,630 1l4l 526 90 
Copper salicylaldoxime in 
dioxan 
2091 27 104 4 
4870 44 176 6 
7585 62 260 12 
10,394 aS 378 18 


12,677 112 433 


Nicnel-2-phenylasopyrrole in 


benzene 


sold 47 285 
9517 79 44 
12,320 95 579 


16,891 132 BAY 


Copper -salicylidene-p-chloro 
aniline in dioxan 


3603 42 101 7 
7397 95 209 1h 
10,256 123 305 21 
14,306 169 440 31 
15,434 182 478 
26,154 308 778 5s 


Copper salicylidenemethylamine 
in dioxan 


3761 59 100 7 
6601 177 iz 
0913 153 276 i” 
14,145 218 190 7 
19,027 300 516 37 
22,312 350 603 43 
Nichel-phenylazo-p-cresol in 
benzene 
5OR6 46 221 
10,128 85 425 
14,821 128 619 
20,20 178 BOO 
22,213 108 wou 
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that there may be hydrogen bonds bridging the oxygen atoms in the two rings, somewhat 
imilar to those which occur in glyoxime complexes, which may “ stiffen ’’ the vibrating 
ystem by imposing a restriction upon the mode of vibration. 

That the P, — {R,) differences for the other compounds containing six-membered rings 
may be due in part to a permanent dipole moment arising from a twisting of the rings out 
of the coplanar configuration cannot be entirely ruled out. If the whole were to be 
attributed to such a cause the resultant moments of the compounds studied would range 
from 10 to 1-8 p, whilst if the ,P value is assumed to be about 30 c.c. in each case they 
would range from zero to 13D. In view of the values assumed for the ring moments, the 
dipoles would need to be inclined at about 170° to lead to the results observed for most of 
the compounds. If each dipole were actually directed along the bisector of the angle 
between the linkages from the metal atom to the remainder of the molecule, however, a 
mere twisting of the molecule should not lead to a permanent moment. Although it is 
probable that the dipoles in these compounds are not directed along this axis, it is most 
unlikely that the permanent distortion of the molecule is sufficiently great to lead to this 
permanent moment, 

rhe possibility of the molecule’s undergoing a twisting vibration, however, is of som« 
interest. If this is such that in each vibration it passes through the coplanar configuration, 
the P, R,|\ difference observed may validly be regarded as atom polarisation. On the 
other hand, if the coplanar configuration is a state of higher potential energy, so that the 
rings remain twisted in one sense for periods commensurate with the period of alternation 
of the field used in the measurements (10° sec.), the difference should be described as 
arising in part from a permanent dipole moment. The frequency (vy) of the vibrator is 
/ (hy /4n*m,R*), where m, is its effective reduced mass and RX is its effective length. If 
these are expressed in atomic weight units and in A, respectively, and k, is expressed in 
units of 10°" erg/radian*, this becomes v ‘23 x 10'%4/(k,/m,R*). E, the energy hurdle 
which it can pass, on the average, 10° times per sec. is then given by e~4/"? == 10%/y 
Os 10-7 4/(m,R*/k,) ; E is 7-3 keal. when m,R* is about 3600 and &, is unity, and wide 
variations in the values of these quantities do not alter this calculated value of E by more 
han O-D keal. 

It is very improbable that, in the compounds studied, the energy hurdle at the coplanar 
configuration is as high as this. The reactions leading to the formation of the compounds 
occur very readily, suggesting that, in the configuration of minimum energy, the potential 
energy arising from repulsion between the atoms ot the two rings is not great. As this 
cannot be far displaced from the coplanar configuration it is unlikely, therefore, that the 
potential energy becomes very great in the latter state. In certain types of molecule, 
however, where larger groups have to come into close proximity in passing through the 
coplanar configuration, this might occur only about 10° times per sec. In cases of this type 
atom and orientation polarisation merge into one another, 


E-XPERIMENTAI 


Material Benzene was purified and dried as described previously.*. Commercial “ pure ’ 
dioxan was boiled with sodium until the metal remained bright, distilled, stored over sodium, 
and redistilled immediately before use. 

Aluminium~—acetylacetone, prepared by Young's method ® and recrystallised from benzene 
and light petroleum (b, p. 80-—-100°), had m. p. 193 Finn, Hampson, and Sutton *# give m. p 
192-193 The ferric complex of acetylacetone, prepared similarly and recrystallised from 
benzene, had m, p, 182°: Finn, Hampson, and Sutton give m, p. 181-3-—-182-3°. Beryllium 
dibenzoylmethane, prepared by slow addition of aqueous beryllium sulphate to dibenzoyl 
methane in alcohol, and recrystallised from benzene and alcohol, had m. p. 214°: Booth and 
Pierce ® give m, p. 214—-215°. The ferric complex of dibenzoylmethane, prepared similarly 


* Few and Smith, J., 1949, 753 
* Young, Inorg. Synth., 1946, 2, 25 
‘© Booth and Pierce, /. Phys. Chem., 1033, 37, 59 
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from ferric chloride, crystallised from benzene in dark red needles (Found: Fe, 7-65. 
Fe(C,,H,,O,), requires Fe, 7-70%]. Aluminium-diethy! malonate, prepared by Titschenko’s 
method " and recrystallised from ether, formed white needles, m, p. 95°; Titschenko gives 
m. p. 945°. 

trans-Copper— and nickel-salicylaldoxime were prepared by adding dilute aqueous-alcoholi 
salicylaldoxime to solutions of copper sulphate and nickel chloride, respectively, and were 
recrystallised from chloroform and dioxan, trans-Nickel-phenylazo-p-cresol, prepared by 
Elkins and Hunter’s method * and repeatedly precipitated from chloroform solution by light 
petroleum (b. p, 80—100°), had m, p. 216°; Elkins and Hunter give m. p. 216°. trans-Nickel 
2-phenylazopyrrole was prepared and purified by the method of Pfeiffer et al.* trans-Copper 
salicylaldehyde was prepared by dropwise addition of alcoholic salicylaldoxime to a stirred 
solution of copper sulphate, and was recrystallised from dioxan, ftrans-Copper-salicylidene- 
methylimine, prepared by Pfeiffer and Glaser’s method “ and recrystallised from alcohol, had 
m. p. 158°: Pfeiffer and Glaser give m. p. 158°. 

Copper-salicylideneaniline was prepared by adding excess of aqueous copper sulphate to the 
anil in alcohol, but after 5 recrystallisations from benzene and alcohol the dielectric constants 
and densities of its solutions in dioxan indicated that its molecular polarisation was 264 c¢.c. It 
was therefore the cis-modification or a mixture containing an appreciable proportion of that 
form. It formed deep brown star-shaped crystals [Found : Cu, 14-0. Cu(C,,H,gON), requires 
Cu, 139%}. The copper-~salicylidene-p-halogenoanilines were prepared similarly. trans- 
Copper—salicylidene-p-chloroaniline formed copper-brown plates from benzene (Found; Cu, 
12-0. Cu(C,,H,ONCI), requires Cu, 12:1%]. trans-Copper—salicylidene-p-bromoaniline formed 
golden-brown plates [Found : Cu, 10-2, Cu(C,;H,ONBr), requires Cu, 103%]. trans-Copper 
salicylidene-p-iodoaniline formed lustrous coppery plates [Found:; Cu, 9-0, Cu(C,,H,ONI), 
requires Cu, 9-0%|. Copper~3-hydroxy-1 : 3-diphenyltriazen, prepared by Elkins and Hunter's 
method, had m. p. 191-—192° : Elkins and Hunter give m. p. 190--192°. 

Apparatus and Measurements.—The dielectric constants of the solutions relative to those 
of the solvents were determined with a heterodyne-beat apparatus.“ Some of the refractive 
indices were determined with a Pulfrich refractometer and the remainder with a Hilger Abbé 
refractometer. Specific volumes were measured with a pyknometer. All measurements were 
made at 25-0°. 

The results from which the parameters listed in Table 1 were derived are given in Table 3, 
where the symbols have their usual significance. For all these compounds e, v, and n* were 
linear with w over the concentration range studied, and hence the slopes of the best straight 
lines through these values were taken as a, 6, and v, respectively. The values of P,, and [Rp 
deduced from these parameters were checked by comparison with the values of P, and [Rp} 
calculated from the data for each concentration. There appeared to be no systematic variation 
of either P, or [Rp] with concentration. 
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358. The Chemistry of 4-Santonin. Part X.* 


By N. M, Cuopra, Westey Cocker, J. T. Epwarp, T. B. H. McMurry, and 
E. R. STuart. 


Revised structures are presented for ¢-santonic acid, (4-)-$-desmotropo- 
/-santonin, and several related compounds, The stereochemistry of 4-santo- 
nin and the reduction products of ¥-santonic acid are discussed. 


(A) Stereochemistry of -Santonin.—The structure of %-santonin has now been conclusively 
established 4* as (I), and recently we advanced the stereo-formula (Ia) for it.* Independent 
evidence for the configurations shown in (Ia) at C,,, and C,,) has been given by Dauben and 
Hance.* However, our evidence for the configuration at Cy) came from application of 
Klyne’s rule * concerning the zotatory contribution of the potential hydroxyl group of the 
lactone ring and from the stability of the lactone in y-santonin. Klyne’s rule, however, 
seems of doubtful validity when applied to lactones from allylic hydroxy! groups, as shown 
by its failure with santonin and 116(H)-santonin.* Consequently, the érans-fused lactone 
of configuration (1b) becomes a possibility and evidence presented below shows that this 
structure explains the reactions of #-santonin better than (Ia). Models of (1b) show that 
its stability should be at least equal to that of (Ia). 

#-Santonin is stable to potassium carbonate in boiling xylene, a reagent © which causes 
epimerisation of the 11-methyl group when in the unstable configuration. In the santonin 
(IL: R « H) series the stable configurations have been shown by Cocker and McMurry ° 


i.) 
“ 
70 
™ 
; H 
OH 


(IV) (V) 


to be (a) with a cis-fused butanolide, that in which the 1l-methyl group is cis to tly 
7-hydrogen atom, and (b) with a trans-fused butanolide, that in which the 11-methyl group 
is trans to the 7-hydrogen atom. Corollaries to these rules are that; (c) when two crs 
fused butanolides are possible, that in which the 11-methyl group is cis to the 7-hydrogen 
atom will be favoured; and (d) when two trans-fused butanolides are possible, that. in 
which the 1l-methyl group is trans to the 7-hydrogen atom will be favoured. Thus thi 
rules (a) and (6) indicate that #-santonin has the configuration shown in (Ia) or (1b) at 
(\,,), according to whether it possesses a cis- or a trans-fuscd butanolide structure. 

When ¢-santonin is heated with potassium hydroxide to 150—-160° and subsequently 


* Part IX, J., 1955, 588 
' Chopra, Cocker, Cross, Edward, Hayes, and Hutchinson, /., 1955, 588 
Dauben and Hance, /. Amer. Chem. Soc., 1055, 77, 606 
Chopra, Cocker, and Edward, Chem, and Ind., 1954, 1535 
* Kiyne, thid., p. 1108 
Cocker and McMurry, ] , 1955, 4430. 
* Cocker, Cross, and Lipman, /., 1949, 959 
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acidified an isomeric, levorotatory compound, iso-y-santonin is obtained. This is shown 
by its light-absorption characteristics to have the same functional groups as y-santonin. 
It shows a single maximum at 2890 A (log ¢ 1-56) characteristic of an isolated keto-group, 
but its absorption at 2200 A (log e 3-4) is characteristic of a tetrasubstituted double bond. 
In the infrared spectrum, peaks shown by tso-y-santonin at 1758 (butanolide), 1700 (ketone), 
1655 (C=C), and 3500 cm.~! (hydroxyl) are almost identical with those shown by #-santonin.' 
On the basis that %-santonin has the structure (1), the procedure by which tso--santonin 
is made can be expected to lead via the ion (I11) of the hydroxy-acid, to epimerisation at 
C4) to form the ion (IV).? This altered configuration will, according to rule (d) above, 
cause lactonisation of (IV) to involve the hydroxy! at C;,) rather than that at Cg), so that 
iso-p-santonin will be the linear compound (V). This formulation is supported by the fact 
that iso--santonin is stable to potassium carbonate in boiling xylene; if in tso-~p-santonin 
the original lactone ring of #-santonin were present the 1l-methyl group would be in the 
unstable configuration. Further, the hydroxyl group of iso-~/-santonin is much more re- 
sistant to oxidation by chromic acid than that of y¢-santonin,* as would be expected from 
its hindered position in (V). Its resistance to oxidation with manganese dioxide ® in an 
inert solvent may probably be traced to the same cause. 

A similar explanation for these changes is impossible on the basis of the formulation 
(Ia) for %-santonin, since the 1l-methyl group is already in the configuration of greater 
stability, regardless of whether lactonisation takes place at the 6- or the 8-hydroxyl group. 
Consequently the derived iso-ys-santonin would have the 11-methyl group in the unstable 
conhguration 
A consequence of the formulation of y-santonin as (1b) is that the configurations at 
(g» Cry and Cay) become identical with those of santonin (I1; R = H) and artemisin 
(IL; R = OH).® This would be expected on biogenetic grounds, For the same reason 
the 6-configuration of the angular 10-methyl group would be expected :* this configuration 
has been found in many sesquiterpenes of the eudesmane type,’” and is supported by 
rotational evidence given below. 

The stereo-formula (1b) leads to the formula (VII) for the primary product (A) of ozon 
isation.!. The change of this product (A) into the isomer (8) under very mild alkaline 
treatment ! is probably the result of epimerisation at C,,) to give the more stable cts-fused 


0 


OH 


(6) —> aH 


oA H* 


° 


(VIN) o (VIN) 


lactone (VIII). This formulation of (B) is supported by its fission by barium hydroxide 
to lavulic acid. A dibutanolide formulation was advanced previously for (B) because of 
the apparent absence in the infrared spectrum of the hydroxyl frequency present in (A); 
however, a re-examination of the spectrum has shown a weak band at 3540 cm.' and 
tronger bands at 1152 and 1360 cm."', probably to be attributed to hydroxyl. 

(B) &-Santonic Acid.—The reformulation of #-santonin as (I) necessitates a revision of 
the structures hitherto assigned to ¢-santonic acid |; and compounds related to it 
Cocker “ and Dauben, Hance, and Hayes “ have shown that the spectroscopic properties 
of this acid indicate a conjugated diene system, which from its mode of formation could be 


Chopra, Cocker, and Edward, Chem. and Ind., 1055, 41 

* Ball, Goodwin, and Morton, Biochem, ]., 1948, 42, 516; Sondheimer, Amendolla, and Rosenkranz, 
|. Amer. Chem. Soc., 1953, 76, 5930, 5932, with references therein to earlier work 

* Woodward and Yates, Chem. and Ind., 1054, 1301; Corey, J]. Amer. Chem. Soc., 1065, 77, 1044, 

‘” Riniker, Kalvoda, Arigoni, Fiirst, Jeger, Gold, and Woodward, /. Amer. Chem. Soc., 1954, 76, 313; 
Barton and Tariton, /., 1954, 3492; Ayerand Taylor, h.d., p. #27; Howe and McQuillin, 7., 1955, 2429 

't Clemo and Cocker, J., 1946, 39 

Cocker and Lipman, J., 1940, 1170 

'®’ Cocker, Chem. and Ind., 1955, 1484 

'* Dauben, Hance, and Hayes, /. Amer. Chem. S 1955, 77, 4000 
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(LX) or (X). Dauben and his co-workers chose the latter structure, partly because they 
did not succeed in oxidising y-santonic acid with manganese dioxide. However, one of us 
has carried out this reaction. The product is undoubtedly the conjugated dienone (XII), 
having maximal absorption in ethanol at 3100 A (log ¢ 3-77) in good agreement with the 
calculated value # (3140 A). The functional groups are also indicated by infrared bands 


(XIN) 


(XXII) (XVIb) 


(XXIV) (XVI) 


(potassium bromide disc) at 1756 cm.-! (ketone) and at 1663, 1643, and 1616 cm.~' (con 
jugated dienone). Dauben and Hance? obtained an impure specimen of the methyl! ester 
(€us. 3070 A in EtOH) of this acid (XII) by a different route. An impure disemicarbazone 
of (X11) showed maximal absorption at 2176 (log ¢ 4:21) and 3250 A (log ¢ 3-70), character- 
istic of the semicarbazone of isolated ketone and of conjugated dienone systems respectively 


'* Woodward, J. Amer. Chem. Soc., 1942, 64, 72 
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While this reaction has been considered as evidence for the allyl alcohol *™ structure 
(LX) of #-santonic acid, it is not conclusive because %y-unsaturated alcohols are sometimes 
oxidised by manganese dioxide.’® The primary oxidation product of the alcohol (X) 
would be the unconjugated dienone (XI), which could rearrange to (XII) during working 
up of the very slightly acidic reaction mixture. We now therefore consider that on balance 
the evidence favours formulation (X) rather than (IX) for #-santonic acid. In particular 
it explains * the slow base-catalysed isomerisation of #-santonic acid.’* Unfortunately, 
the product is obtained pure only in very low yield, so that detailed examination of it has 
not been possible. However, its absorption (A... 3325 A; log ¢ 3-56, in EtOH; infrared 
bands at 1653, 1627, and 1567 cm.~) is characteristic of a homoannular dienone system," 
and suggests the structure (XIII), rather than its isomer, the unsaturated acid (XIV), 
Compound (XIII) would be formed by the base-catalysed isomerisation of (X) but not of 
(LX). Accordingly y-santonic acid (X) is 8«-hydroxy-l-oxoeudesma-3 : 5-dien-13-oic 
acid.® 

If formula (X) is accepted, it becomes possible to deduce the stereochemistry of the 
various compounds derived from #-santonic acid.“ Anhydro--santonic acid (XV) 
must have a frans-fused lactone ring. Since this compound is converted into (+-)-#-desmo 
tropo~/-santonin * under conditions unlikely to cause any rearrangement,'’ it follows that 
the structure and stereochemistry of the latter is represented by (XVI). Its epimerisation 
to (-+-)-a-desmotropo--santonin ® (XVII) would then be expected from rule (6) above 
rhe stability of the trans-fused lactone of (+-)-6-desmotropo-#-santonin is surprising ; 
however, Corey and Sneem’s ' calculations seem to indicate that at this position a trans- 
is less strained than a cis-fused lactone. 

rhe hydrogenation of anhydro-#-santonic acid (XV), like that of cholesta-2 : 4-diene,” 
would be expected to take place from the more accessible top side of the molecule, so that 
the tetrahydro-compound (XVIII) would have a cis-a/B ring fusion. On the other hand, 
the hydrogenation of p-santonic acid to tetrahydro-y-santonic acid (XIX) would be ex 
pected * to result in a frans-A/B ring fusion. Some support for the ‘rans-configuration is 
given by negative shift in molecular rotation (A/M)|,, —97°) in going from tetra- to hexa 
hydro-ys-santonic acid (XX); a similar shift is found in going from cholestan-l-one to choles 
tan-la-ol (A[{M),, —304°) or -16-ol (A[M),, —356°).** Since the 1$(equatorial)-hydroxy 
compound is produced from cholestan-l-one either by reduction with sodium in propanol 
or by catalytic hydrogenation in acetic acid,*' it seems likely that hexahydro--santonic 
acid (XX) has also a 16-hydroxy-configuration ; this is supported by the identity of hexa 
hydro-y-santonic acid with hexahydro-#-santonin. Under the latter name the compound 
was prepared from dihydro-s-santonin (XXI) by a two-stage process involving reduction 
of the ketone group with sodium amalgam, as well as directly from ysantonin by catalytic 
hydrogenation,!! Evidently the usual rules distinguishing the stereochemistry of reduction 
by sodium and by catalytic hydrogen do not apply at the highly hindered 1-position. 

The catalytic reduction of dihydro- (X XI) to hexahydro-~/-santonin (XX) can be con 
sidered, from analogy with the hydrogenation of A®-steroids, to be further evidence for 
the trans-A/B fusion in (XX). 

Tetrahydro-#-santonic acid (XIX) is dehydrated by acetic anhydride to the lactone, 
2-anhydrotetrahydro-p-santonic acid, now formulated as (XXII). This accounts for the 
easy isomerisation to $-anhydrotetrahydro-y-santonic acid (XXITI) [rule (4)), and the 


* The prefixes a- and B- were previously * used to denote compounds of lower and higher melting 
point respectively. They have no stereochemical significance. It is now proposed * to name the parent 
skeleton of the desmotropo-compounds simply desmotropo-/-santonin. ( +)-8-Desmotropo-¢-santonin 
(XVI) is thus 7a(H) ; 88(H) : 11B(H)-desmotropo-/-santonin |} )a-desmotropo--santonin (XVII) 
differs from this only in configuration at C,,,, 


'* Sondheimer and Rosenkranz, Experientia, 1953, 9, 62 

'? Barton, J. Org. Chem., 1950, 15, 466 

‘* Corey and Sneem, |. Amer. Chem. Soc., 1955, 77, 2605 

* Pieser and Fieser, ‘' Natural Products Related to Phenanthrene,”’ Reinhold, New York, 1949, 
p. 252 
* Stavely and Bergmann, J]. Org. Chem., 1937, 1, 567 
*! Striebel and Tamm, Helv. Chim. Acta, 1964, 87, 1004 
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alkaline hydrolysis of both the a- and the ¢-compounds to a third, isomeric tetrahydro-y 
santonic acid (XXIV), epimerisation of (XXII) at C,,,, evidently taking place before 
hydrolysis 

rhe rotations of several compounds reported previously have been redetermined, and 
the values of the molecular rotations are shown below. In all cases lactonisation involving 
the &-hydroxyl group leads to a negative shift in molecular rotation, in agreement with 


Lactone Hydroxy-acid A{My 
iso-p-Santonin (V) 308° + 24°° — 332° 
letrahydroanhydro-p-santonic acid (XVII) ...-...ccecceereee ; + 5O +313 * 263 
(+-)-$-Desmotropo-¢-santonin (XVI) + 261 — 393 
«-Anhydrotetrahydro--santonic acid (XXII) : + 238 570 
B re ber hee bgt Bonet ACID (AXITD) oo. .reerereeeves , + 205 380 

r 


Anhydrohexahydro-p-santonic acid {lactone of (XX)] ......... 33 + 162 295) 
(acetate) 


* K salt in dilute EtOH, 


Klyne's rule. The molecular rotation of the acetate of anhydrohexahydro-p-santoni 
acid is known, but not that of the parent |-hydroxy-compound, which probably differs by 
about 50°, so that the A|M), of —295° is probably too small. 

Investigation of the carbonyl stretching frequencies of the trans-fused lactones men 
tioned above shows that they vary from 1754 to 1777 cm. "'. 

Further work in the chemistry of ¢-santonin is halted because of the inaccessibility of 
this compound, 


EXPERIMENTAL 


 Santonic Acid.-—Concentrated hydrochloric acid (6 c.c.) was added with stirring to finely 
powdered ¥-santonin (2 g.), and more hydrochloric acid (up to 2 c.c,) was added to give a clear 
lution, When stirring was continued for a few minutes the required acid began to separate 
It was collected (1-5 g.; m. p. 168--170°) and crystallised from alcohol as needles, m. p. 176°," 
lhe acid before crystallisation is sufficiently pure for most purposes 

Oxidation of #-Santonic Acid.-1 ; 8-Dioxoeudesma-4 : 6-dien-13-oic acid (X11), 4-Santoni 
acid (0-7 g.), in chloroform (200 c,c.), was shaken for 3 days with manganese dioxide * (2 g.) at 
room temperature. After filtration and removal of solvent in a vacuum at 40-——50° an oil was 
obtained, which solidified (0-5 g.; m. p. 150-—-155°) when rubbed with light petroleum. Crystal 
lisation from ethyl acetate-light petroleum gave the diketo-acid as pale yellow needles, m. p 
171--172° (depressed to 150° with ¥-santonic acid), {a}? +-305° (c, 0-608 in CHCI,), A,,.,, 3100 
(infl. 3600) A [log ¢ 3-75 (2°76) in EtOH) (Found : C, 68-7, 68-5; H, 7-1, 7-0. C,,H,,O, requires 
C, 687; H, 69%). It gives a crude semicarbazone, m. p. ca. 220 Its tetrahydro-compound, 
prepared by reduction in ethyl acetate over palladised charcoal, crystallised from ethyl acetate 
as colourless rhombs, m. p. 181°, d,,., 2010 A (¢ 41-8 in EtOH) (Found: C, 67-7; H, 86 
Cy HyyO, requires C, 67-7; H, 8:3%). 

The hydrate of tetrahydro-y-santonic acid,” m. p, 191—192°, had {a)¥ + 83-6° (in CHC, 
) 2020 A (e 54 in EtOH). It showed bands at 1709 (C=O and CO,H) and 3618 em. 


(hydroxyl) 

Hexahydro-}-santonic acid (hexahydro-y-santonin),"* m. p, 188—189°, had [a]?* + 56-1 
(in CHCI,), Its acetate (lactone), m. p, 126-—-126-56°, had [a] -—45-2°. It showed bands at 
1721 (acetate) and 1776 cm.~! (butanolide) in CHCI,. 

Tsomerisation of ¢-Santonin.-A mixture of ¥-santonin (3 g.), potassium hydroxide (6 g 
and water (6 c.c.) was heated at 165-—170° for 4 hr. The dark brown mixture was dissolved in 
water (50 c.c.) and extracted continuously for 48 hr. with benzene. The extract was decolorised 
with charcoal and concentrated, giving a solid (2g.; m, p, 150-—-160°), Repeated crystallisation 
from benzene gave iso-¢-santonin (0-2 g.) as needles, m. p. 205°, {a|}" —116-5° (¢ 0-25 in i: 1 
water-ethanol) (Found: ©, 682; H, 7-7. Cy,H,,O, requires C, 68-2; H, 7-6%). Its solubility 
in water is greater than that of 4-santonin. 

Conversion of Anhydro-p-santonic Acid into (-+4-)-8-Desmotropo-)-santonin.—The anhydro 
compound (0-5 g.) was warmed at 48-—56° for 4 hr. with a solution of concentrated sulphuri 
acid (2-6 c.c.) in water (3-7 ¢.c.). The product (0-5 g.; m. p. 145—-150°) was collected. One 
crystallisation from dilute alcohol gave (--)-6-desmotropo-/-santonin (0:3 g.), m. p. 186° un 
depressed on admixture with an authentic specimen,* 
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Isolation of an Unidentified Degradation Product of 4-Santonin._-Hydrolysis of the ozonis 
ation product (A) (7-5 g.) with barium hydroxide as previously described ' and distillation of the 
barium-free solution gave levulic acid and a syrup which on long storage deposited colourless 
plates (0-1 g.), m. p. 199—202°. Crystallisation from water gave a substance (D), m. p. 209° 
(Found: C, 67-5; H, 6-4. Cy gH,,O, requires C, 66-7; H, 67%). 


[he authors are grateful to Messrs, T. & H. Smith, Ltd., for supplies of ¥-santonin and 
other materials, and the Medical Research Council of Ireland for financial assistance, 
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359. 1: 2-3:4-8:9-10: 11-T'etrabenzopentacene. 
By E. Crar, W. Ketry, and W. G. Niven, 


Tetrabenzopentacene (IIT) has been synthesised from (a) 1:2:3:4:5:6:7:8- 
octahydrophenanthrene and (6) phenanthrene and pyromellitic anhydride, 
The mono- and the di-quinone of the hydrocarbon and its addition product 
with maleic anhydride have been prepared. 
PYROMELLITIC ANHYDRIDE has been condensed twice with 1:2: 3:4:5: 6:7; 8-octa- 
hydrophenanthrene in the presence of aluminium chloride. The product, which is a 
mixture of (1) and the corresponding isophthalic acid, was cyclised in a melt of sodium 
chloride and zine chloride [cf. the cyclisation of o-(octahydro-9-phenanthroyl)benzoix 


Absorption spectra of ; 


A) 1: 2-3: 4-8: 9-10: 11-Tetrabenzopenta- 
cene (III) im 1-methylnaphthalene. 
Max. (A; loge in parentheses) : 5050 
(3°67), 4720 (3-93), 4470 (3-95), 4200 
(3°73), 3960 (3-49), 3670 (5-41). 

(8) 6: 13-Dihydro-1:2-3:4-8:9-10: 1l- 
tetvabenzopentacene (II) im dioxan 
Max 3470 (3-43), 3380 (3-34), 3310 
3-51), 2010 (4-66), 2680 (5-14), 2620 +. 
(S12) ~ 

C) Dipotassium salt from the maleic anhy- 
dride adduct (V11) in alcohol. Max. : 
3480 (3-48), 3390 (3-40), 3330 (3-63), 
2030 (4-66), 2700 (5-09), 2620 (6-15) 

D) Disodium salt from the maleic anhy- 
dride adduct of 1; 2-3; 4-dibenzopenta- 
cene* in water. Max 3470 (3-11), 
3380 (3-16), 3310 (3-28), 3205 (3-51), 
2015 (4-62), 2800 (4-63), 2650 (5-02) 


Wavelength (A) 


acid |. The product was not tetrahydrotetrabenzopentacene, as expected, but 6: 13-di- 
hydrotetrabenzopentacene (II), probably owing to oxidation by air during the reaction. 
A small quantity of the tetrabenzopentacene (III) which was also formed was removed 
during recrystallisation by the addition of some maleic anhydride. 

The same dihydrotetrabenzopentacene was syiithesised from pyromellitic anhydride, 
phenanthrene, and aluminium chloride. Although the Friedel-Crafts reaction should 


‘ Clar, J., 1949, 2168 
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yield numerous isomers, only one dicarboxylic acid was obtained, being either the 
terephthalic acid ([V) or the isomeric iscpinthalic acid. 

Ring closure with benzoyl chloride and sulphuric acid gave the diquinone (V) which was 
reduced by pyridine, zinc dust, and avetic acid to 6 : 13-dihydrotetrabenzopentacene (11). 
his was identical with the hydrocarbon obtained as above. 


|; 2-3: 4-8: 9-10: 11-Tetrabenzopentacene (III) was obtained from the dihydro 
compound (II) by dehydrogenation over palladium-charcoal at 370°, It is an orange-red 
hydrocarbon which, as expected, is considerably less reactive than pentacene, but it still 
reacted very quickly with maleic anhydride to form the colourless adduct (VII). The 
adduct and the dihydro-compound (II) contain the aromatic complexes of two triphenylene 
molecules, as shown by the close similarity (see Figure) between the absorption spectra of 
(If) and (VII), and that of the maleic anhydride adduct of | : 2-3 : 4-dibenzopentacene.* 


Che dihydro-compound (II) was oxidised by selenium dioxide in boiling nitrobenzene 
to the monoquinone (VI), 


Clar and Frommel, Ber., 1948, 81, 163 
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EXPERIMENTAL 


M. p.s were taken in evacuated capillaries. Microanalyses are by Mr. J. M. L. Cameron 
and Miss M. W. Christie. 

Di-(1:2:3:4:5:6: 7: 8-octahydro-9-phenanthroyl\benzenedicarboxylic Acids (1 and an 
isomer).--A mixture of the octahydrophenanthrene (21 g.), pyromellitic anhydride (11 g.), and 
powdered aluminium chloride (27 g.) was heated in tetrachloroethane (120 ml.). The reaction 
became vigorous at 60° and was continued until evolution of hydrogen chloride ceased, the final 
temperature being 80-—85°. After the mixture had been cooled and decomposed, the tetra 
chloroethane solution was washed with dilute hydrochloric acid, then extracted several times 
with dilute aqueous ammonia, and the combined extracts were acidified with hydrochloric acid. 
rhe light fawn mixture of isomers (10 g.) crystallised with difficulty from nitrobenzene or acetic 
acid as a non-uniform powder of unsharp m. p. (Found: C, 78-2; H, 5-7. Cale. for C,,H,,0, : 
C, 77-3; H, 65%). This product, in concentrated sulphuric acid, gave a brownish-yellow 
solution, which, on being heated, changed through brownish-orange to a light brown. 

6: 13-Dihydro-1 : 2-3: 4-8: 9-10: 1L1-tetrabenzopentacene (I1).--A mixture of powdered acid 
1) (6 g.), sodium chloride (1-2 g.), and finely divided zinc chloride (6 g.) was heated to 330° 
during 10—15 min. The cooled solid melt was powdered and extracted with boiling dilute 
hydrochloric acid and then with hot dilute ammonia solution. The residue was dried and 
sublimed in vacuo, The orange sublimate crystallised from xylene as orange needles. When a 
small quantity of maleic anhydride was added during crystallisation, colourless needles, m. p. 
426-—428°, of the dihydro-compound (11) were obtained (Found: C, 948; H, 50, C,H, 
requires C, 95-0; H, 50%). Before melting, the colourless crystals became pale orange and 
they melted to give a reddish-orange melt. 

1: 2-3: 4-8: 9-10: 11-Tetrabenzopentacene (I11).--The dihydro-compound (II) (0-1 g.) was 
sublimed in vacuo through an electrically heated tube of granulated palladium-—charcoal (20%) 
in a slow stream of carbon dioxide at 370°, The sublimate of red needles (0-06 g.) crystallised 
from 1: 2: 4-trichlorobenzene in red needles, m. p. 498—499°, being the fetrabenzopentacene 
Found: C, 96-4; H, 45. Cy sH,, requires C, 95-4; H, 4-6%). Its orange solution in trichloro 
benzene had a green fluorescence, It was insoluble in cold concentrated sulphuric acid but, on 
being heated, dissolved to give a green solution which changed to red 

Di-9-phenanthroylbenzenedicarboxylic Acid (1V or an isomer),-A solucion of phenanthrene 
(40 g.) in tetrachloroethane (150 ml.) was added to a mixture of powdered pyromellitic anhydride 
(22 g.) and powdered aluminium chloride (60 g.) in tetrachloroethane (150 ml.), The temper 
ature was raised to 75°, at which a vigorous evolution of hydrogen chloride took place and the 
initial orange colour of the mixture became dark brown. This temperature was maintained 
for 30 min. with frequent shaking, and, after being cooled, the mixture was decomposed, The 
organic layer was separated and washed several times with hot dilute hydrochloric acid and hot 
water. Xylene (400 ml.) was added to the tetrachloro¢thane solution, and the light brown 
precipitate was washed with xylene, dried, and extracted with dilute aqueous ammonia, The 
ammonia solution was acidified with hydrochloric acid to-give 34 g. of precipitate. Crystallis 
ation from nitrobenzene several times gave uniform colourless needles, m. p. 377-—378” 
(decomp.), of an acid (Found: C, 70-1; H, 3-9. C,,H,,O, requires C, 79-4; H, 39%) which 
dissolved in hot concentrated sulphuric acid to give a brownish-orange solution which changed 
to brownish-yellow. Similar results were obtained when benzene was used as solvent instead of 
tetrachloroethane. 

1: 2-3: 4-8: 9-10: 11-Tetrabenzopentacene-5 : 14-7 : 12-diquinone (V).—-The crude acid (IV) 
(10 g.) was heated under reflux with benzoyl chloride (200 ml.). Concentrated sulphuric acid 
was added dropwise. Each drop of sulphuric acid produced a transient green colour. Acid 
was added until the green colour was no longer produced. The solution was boiled for a 
further 10 min. Fine brownish-red needles (6 g.) separated from the boiling solution, These 
were sublimed in vacuo and recrystallised from 1: 2: 4-trichlorobenzene, to give small red 
needles, m. p. 486-——487°, of the diquinone (V) (Found: C, 84-5; H, 3-2. C,,H,,O, requires C, 
84-75; H,3-4%). It gavea green colour in hot concentrated sulphuric acid; in alkaline sodium 
dithionite solution it gave a violet vat from which the diquinone could be recovered by shaking 
with air 

6: 13-Dihydro-1 : 2-3: 4-8: 9-10; 11-tetrabenzopentacene (11).—-The diquinone (0-7 g.), zinc 
dust (10 g.), and pyridine (150 ml.) were heated under reflux and acetic acil (80%, 25 ml.) was 
added during 5hr. The dark red solution quickly changed to a transiently violet one and then 
slowly from reddish-orange to pale yellow. Orange-yellow plates crystallised during the 


1836 Mattok and Phillips : 


reaction. After being filtered off, the crystals were separated from the zinc dust by treatment 
with hydrochloric acid, Sublimation of the residue in vacuo gave pale yellow crystals (0-15 g.) 
Crystallisation from xylene containing small amounts of maleic anhydride gave colourless 
needles of the hydrocarbon (II), m. p. 425—427° (Found: C, 94-9; H, 48%). There was no 
depression of the m. p. when this compound was mixed with the dihydro-compound obtained 
as above. The ultraviolet spectra of the two compounds were identical. Dilution of the 
pyridine mother-liquor, with water, from the above filtration yielded a further 0-3 g. of the 
dihydro-compound, 

1; 2-3: 4-8: 9-10: 11-Tetrabenzopentacene-6 : 13-quinone (V1).—-A solution of the dihydro- 
compound (II) (0-2 g.) in nitrobenzene (16 ml.) was heated under reflux with selenium dioxide 
(0-18 g.) for 30 min. The reddish-brown needles which crystallised during the reaction were 
filtered from the hot solution and sublimed in vacuo, The small quantity of selenium, mixed 
with the needles, sublimed at a much lower temperature and was easily separated from them. 
The sublimate crystallised from nitrobenzene in orange feathery needles, m, p. >560°, of the 
quinone (Found: C, 90-0; H, 40. CygH,,O, requires C, 89-7; H, 40%). It gaveared solution 
in hot concentrated sulphuric acid. As with other pentacene quinones, it did not form a vat 
with alkaline sodium dithionite. 

VMaleic Anhydride Adduct (V11).-~A suspension of the powdered hydrocarbon (III) (30 mg.) 
in xylene (20 ml.) was heated under reflux with excess of maleic anhydride until the hydro- 
carbon had dissolved and the solution had become a faint yellow colour, The adduct 
crystallised as colourless prisms which decomposed without melting above 310° to give the red 
hydrocarvon (Found: C, 87-0; H, 45. CyH,,O, requires C, 87-5; H, 42%). It dissolved 
in warm concentrated sulphuric acid to give a blue solution which changed to purple, 


This work was carried out under contract with the Ministry of Supply, whom we thank for 
permission to publish it. 
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Solvolytic Reactions of O-Acetyl-a-p-glycosyl 1-Halides in the Presence 
of Hlectrophilic Catalysts. 
By G. L. Matrox and G. O, Pui.uips. 


rhe rate of solvolysis of tetra-O-acetyl-a-p-glucosyl 1l-halides in water~ 
acetone and methanol-acetone in the presence of mercuric salts as catalyst, is 
proportional to the first power of both sugar halide and mercuric salt concen- 
tration. The mechanism postulated for the reaction involves the rate- 
determining formation of a carbonium-ion intermediate. In addition other 
features of this reaction such as salt effect, stereochemical form of the reac 
tion, and solvent effects are similar to the uncatalysed Sy1 solvolysis of these 
compounds, 

Hydrogen bromide can function as an electrophilic catalyst in a similar 
way to the mercuric salts, and this is discussed in relation to the autocatalysis 
by liberated hydrogen bromide which is a characteristic of non-catalysed 
solvolysis, 


In earlier papers of this Series, the mechanism of solvolysis of the O-acetylglycosy! 
|-halides in polar solvents was described. The reactions are of type Syl with the rate 
determining ionisation facilitated by an electron-release mechanism operating from the 
lactol-ring oxygen atom ; 


OR (OH) 
_ROH 


“ Hal” 
H sf : 1,0 


* Part ILL, /., 1958, 2896 
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Chis view was opposed to that of Frush and Isbell," who regarded the reactions as of the 
type Sy2. Lemieux and Huber,* however, support our results. They studied the solvolysis 
of 3: 4: 6-tri-O-acetyl-a- and -6-p-glucopyranosy! chloride in acetic acid, where the rate 
and stereochemical form of the reaction are unaffected by the addition of potassium 
acetate. Hassel and Ottar® examined the ring conformations necessary for the Sy? 
mechanism in these compounds, and on this basis consider a bimolecular mechanism 
(Sy2) unlikely. In polar solvents, therefore, the Syl mechanism operating for the solvolytic 
reactions of tetra-O-acetyl-a-p-glucosyl l-halides is the more probable. However, for 
certain reactions of these compounds where conditions are less favourable to the Sy! 
mechanism, é.g., low nucleophilic character of the reagent, low ionising power of the solvent, 
Chapman and Laird* report the incursion of bimolecular character, leading to an 
intermediate mechanism in some instances. 

Considerable practical interest centres on the solvolytic reactions of O-acetylglycosy! 
|-halides in polar media in the presence of electrophilic catalysts, and it was by this method 
that Koenigs and Knorr ® first prepared glucosides. Under these conditions the reaction 
rates are considerably enhanced and the tendency for deacetylation of the molecule by the 
liberated halogen acid is decreased. In the present work mercuric salts were used as 
catalyst; here the medium is homogeneous throughout the reaction, thus eliminating the 
complications which arise when a precipitate is formed, ¢.g., when silver salts are used as 
catalysts. 

We have studied the mechanism of the catalysed solvolysis of tetra-O-acetyl-a-p 
glucosyl! 1-halides and compared this reaction with the uncatalysed unimolecular solvolysis 
of these compounds. The results suggest a close relation and enable also the autocatalysis 
by liberated hydrogen halides, characteristic of non-catalysed solvolyses, to be explained 


RESULTS 


Catalysed Reactions.—During the solvolysis of tetra-O-acetyl-a-p-glucosyl 1-halides, invet 
sion of configuration occurs, so formation of product can be followed polarimetrically, In 
aqueous solution, however, the over-all change of rotation is the result of two consecutive re 
actions, The initial solvolysis of the halide is followed by a slower mutarotation of the product, 


CH, OAc CH, OA CHy OAc 
HHal 


Ode OA OAc 


which is most marked during the later stages of the reaction and in highly polar solvents 
Fig. 1 shows the change in rotation with time for the hydrolysis of tetra-O-acetyl-a-p-glucosy! 
l-bromide in acetone~water in the presence of mercuric bromide. The initial slope represents 
the formation of the §-tetra-O-acetylglucose. As the concentration of this compound builds 
up, the amount of mutarotation increases, and in the later stages this reaction predominates as 
shown by the final increase in rotation. Evaluation of the rate constant of the initial reaction 
by analysis of the curve is difficult because both reactions are catalysed by the liberated halogen 
acid, We have aveided these complications by extrapolating to zero time and calculating re 
action rates from the initial slopes: this proved reliable and reproducible, 

Order of the reaction. Measurement of the initial rates in acetone-water at 100°, in which 
the concentration of only one reactant was varied, showed the rate to be proportional to the 
first power of both halide and mercuric salt and independent of the concentration of water. 

The results for tetra-O-acetyl-a-p-glucosy! 1-chloride are shown in Fig, 2 which gives the 


' Vrush and Isbell, 7. Res. Nat. Bur. Stand., 1949, 43, 161 
* Lemieux and Huber, Canad. J. Chem., 1955, 33, 128 

' Hassel and Ottar, Acta Chem. Scand., 1941, 1, 929 

* Chapman and Laird, Chem. and Ind., 1954, 20 


Koenigs and Knorr, Ber., 1901, 94, 05 
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plots of log (da/dt),., against log (HgCl,),., and log [KCI),_,. From the slope of the lines 
obtained it is seen that the rate is actually proportional to [KCI}' and [HgCl,}*. The rate 
was unaffected by the amount of water, in the range 1—4%,, in aqueous acetone. We therefore 
calculated second-order rate constants by using the expression (da/dt),., = k{RCI)[HgCl,} 
and they are shown in Table 1. 

lor tetra-O-acetyl-a-p-glucosy! 1-bromide the results are similar (see Table 2), 


) 
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Fic.1. Hydrolysis of tetra-O-acetyl-a- 
glucosyl 1-bromide in 98%, acetone 
water, catalysed by mercuric bro 
mide 
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Fic. 2. Solvolysis of tetva-O-acetyl-a-p-glucosyl 1-chloride 
in 98%, acetone-water, catalysed by mercuric chloride 
Order of the reaction 


(RCH. © (HgCl, 


° 
1 L i 1 | 


40 £0 60 70 80 
3 +log(d«/dt),» 


Effect of temperature and large variations of solvent. Although in the range 1—4% water in 
acetone, the rate is independent of the amount of water, larger proportions do affect the rate. 
lable 3 shows this for tetra-O-acetyl-a-p-glucosyl 1-chloride, and also the effect of temperature 

From the activation energies obtained we have calculated the thermodynamic constants of 
the reactions at the individual solvent concentrations (see Table 4). 

Effect of addition of lithium chloride. Lithium chloride was added in the methanolysis of 
tetra-O-acetyl-a-p-glucosyl 1-chloride in acetone—methanol. ‘The results are in Table 5. 

Uncatalysed Solvolysis.—In the atvsence of mercuric chloride the solvolytic reactions of 


TABLE 1. Second-order rate constants for the solvolysis of tetra~-O-acetyl-a-D-glucosyl 1-chloride 
in acetone-water catalysed by mercuric chloride, at 100°. 


RCI HgCl, H,O 10*k, (RCI HgCl, H,O 10%, 
(L0*™ (10®M) (%) (1, mole! sec,~*) (10%m) (10%) (%) (1. mole! sec 
8-005 3°87! : 3-70 4-985 1-915 2 331 
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Second-order rate constants for the solvolysis of tetra-O-acetyl-a-D-glucosyl 1-bromide 
in 98°, acetone-water catalysed by mercuric bromide at 25-2”. 

RBr} (10%) 5-045 7415 4-98 

HgBr,} (10m) 3-54 5-19 7414 

LOA, (1, mole sec,-*) , 24 1:27 1-20 


3. Solvolysis of tetra-O-acetyl-a-p-glucosyl |-chloride in mixed solvents catalysed by 


mercuric salts 
Acetone-methanol mixtures. 


hy : MeOH hy ; 

Temp. (i. mole sec.) (kcal, mole (%) Temp. (1. mole"! sec.) (kcal, mole") 
100° 3-70 x 1o* 17-5 10 33° 113 x lo* 13-2 

74-5 44 x 10 2-87 » 

61-3 x lo ' 8-44 » 
100 ‘35 x lo , ° 4-28 

76-4 2° x lo” 2! 1-87 

69-1 . x lo 5-10 

59-2 #15 x 10 : 1-71 » 
100 : x lo 8-38 x 

74:5 3-76 x lo 583 » 

66-0 ° ‘lo ’ 2-21 x 

61-3 ° x lor* 4 1-20 x 
100 250 x lo 36 2-60 

76-4 919 x lo 31-6 1-91 

69-1 3x lo 26: 1-35 
100 3-43 x lo ° 25-3 1-14 

69-6 : ‘lo 

62-9 x lo 

58-5 x lo 


4cetone-water mixtures. 
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Free energies, entropies, and heats of activation for the solvolysis of tetra-O-acetyl-a 
p-glucosyl 1-chloride in the presence of 0-O5M-HgCl,, at 100°. 
Catalysed hydrolysis (in acetone-water mixtures) 
H,O (%) 10 20 30 
AG? (keal.) 25-6 25-6 24-9 
AH? (keal.) . 12-8 9-7 99 
34-6 42-6 40-3 
Catalysed methanolysis (in acetone-methanol mixtures 
% MeOH 
AG* (kcal ) 
AH? (kcal.) 
Ast (e.u 
* Value obtained by extrapolation to 100 


Effect of addition of lithium chloride: solvolysis of tetra-O-acetyl-a-p-glucosyl 
1-chloride in 25%, methanol-acetone in presence of 0-OSm-HgCl, at 100°, 

LiCl} (10®™) 0 2-16 2°63 4:06 
10°, (1. mole sec ; 510 160 3-04 1-79 


Effect of variation of temperature and solvent on the solvolysis of tetra-O-acetyl 
a-D-glucosyl 1-chloride in acetone-water. 
10*k, I 10*k, j 10*h, 1 


(sec! (keal. mole! Temp (sec. keal. mole Temp (sec.*) (keal. mole! 
j } I j ; } } } 


Water: 20% Water: 30%, Water: 40% 
59-7 100° 2140 | 66-0 61-0 ) 
3-04 66-3 165 | 60-0 so-4 20-2 
1-50 55-2 5°72 | Kl 31 f 
iia | 4-64 
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I'ree energies, entropies, and heats of activation for the solvolysis of tetra-~O-acetyl- 
a-D-glucosyl \-chloride at 100° in acelone—water. 
Water (%) ovestba tbeodes 20 30 40 
\G* (kcal. ) , 20-4 28-5 27-4 
SH? (keal ne 19-3 18-9 19-6 


? cod ‘ 
* (eu et od Zt-4 


Correlation of rates of solvolysis (extrapolated to 25°) of tetra-O-acetyl-a-v-glucosyl 
1-chloride in acetone—water with Y values. 
20 30 40) 
0-673 130 0-706 
7-155 6-645 6-050 


hHiisr) (108m 


(PP) ec, 
I 1 \? j 


tetra-O-acetyl-a-p-glucosyl I-chloride are of Syl type; for example, the reaction rate is un 
affected by the addition of hydroxyl ions.* 

We have extended previous studies on the uncatalysed solvolysis of this compound by 
measuring solvolysis rates in acetone-water at several temperatures hese and the activation 
energies are shown in Table @. Winstein and Grunwald ’ correlated solvolysis rates with solvent 
properties by assigning to the solvent a characteristic constant (Y value). The authors are 
grateful to Professor Winstein for making available to them the Y values of acetone—wate: 
mixtures at 25 On extrapolation of the results for tetra-O-acetyl-«-p-glucosyl 1-chloride to 
give the rates at 25°, the rate (4) can be correlated with the ionising power of the solvent. The 
plot of log & against Y is linear, which, represented by the relation log mY -+ log ky, gives 
the characteristic constants m 0:70, hy 6-69 (Table 8) 

rhe free energies, entropies, and heats of activation for the reaction were calculated and are 
hown in Table 7 

Autocatalysis by liberated hydrogen halides ; addition of hydrogen bromide. Addition of an 
hydrous hydrogen bromide in the methanolysis of tetra-O-acetyl-«-b-glucosyl 1-bromide (at 25°) 
increases the initial rate of reaction. The first-order solvolytic constants increase linearly with 
the concentration of added hydrogen bromide within the range 0-2-5 « 10°*m (Table 9) 


DISCUSSION 

lhe solvolysis of alkyl halides in aqueous solvents, or alcohols, catalysed by metal salt 
has been extensively studied.*.*."® When silver salts are the catalysts in such reaction 
the mechanism shows features similar to those of an Syl reaction; for example, Hughe 
and Ingold and their co-workers and others *!* have shown that the effect of constitu 
tional changes, stereochemical form of the reaction, and nature of the products are closely 
related in the two instances. These results indicate that the reaction catalysed by silver 
salts and the Syl solvolysis proceed by way of the same intermediate carbonium ion ; silver 
ions are the main catalytic agent, but there is also a rather indefinite contribution by the 
surface of the precipitated silver halides. As noted on p. 1837, this complication is avoided 
without altering the general course of the reaction, by use of mercuric salts as catalyst 
Benfey,™ and Hammett and Roberts,“ found that, for the solvolysis of several organi 


* Newth and Phillips, ]., 1053, 2806 
Winstein and Grunwald, /. Amer. Chem. Soc., 1948, 70, 846 
* Senter, /., 1010, 97, 346; 1911, 98, 95; Baker, /., 1934, 987; Kappanna, Pi Indian Acad 
10935, 2, 512 
* Hughes, Ingold, and Masterman, /., 1937, 1236 
'* Cowdrey, Hughes, and Ingold, /., 1937, 1248 
' Whitmore, Whittle, and Popkin, J. Amer. Chem. Soc., 1939, 61, 1586 
‘* Dostroveky and Hughes, /., 1946, 169, 
Kenfey, |. Amer. Chem, Soc., 1948, 70, 2165 
‘ Roberts and Hammett, ibid., 1037, 69, 1063 


1956) Lhe Reactivity of the O-Acylglycosyl Halides. Part 1V. 1841 


bromides catalysed by mercuric nitrate, the rate is determined by formation of a carbonium 
ion intermediate, the catalytic agent being mercuric ions : Hg** -+- RX —» HgX* + R* 
Ingold ** made a brief reference to unpublished work by Bunter, Hughes, and Ingold on 
the mercuric chloride-catalysed hydrolysis of 1-phenylethyl chloride; similarities to the 
Swl reaction are again evident, but catalysis here is by un-ionised mercuric salt. Ow 
results on the kinetics of solvolysis of tetra-O-acetyl-a-p-glucosy! 1-halides catalysed by 
mercuric salts show that the rate-determining stage is dependent on the first power of the 
concentration of the halide and of the mercuric salt. The rate is independent of the reagent 
provided it is present only in low concentration and does not appreciably affect the dielectric 
properties of the medium. In the solvents used, acetone and alcohol, it is unlikely that 
the mercuric halides are dissociated, and catalysis will therefore be by the un-ionised salt 
rhe mechanism may therefore be represented 


Slow 
RX -+- HgX, —— R* 4. HgX, 


Fase 
Rt + R'OH —— ROR’ + H 
(HOH) (ROH) 

rhe catalyst facilitates the removal of the halide ion, and the rate of the catalysed re- 
action is considerably faster than that of the uncatalysed ionisation. The existence of the 
complex ion HgX,~ is well established. Bayles, Bentley, A. G. Evans, and Jones 
recently showed that when triphenylmethyl chloride and mercuric chloride are mixed in 
nitromethane the following equilibria are set up 


Ph,C-Cl + HgCl, mqenm PhC,* HgCl, 
Ph,C* HgCl,~ agent Ph,C’ + HgCl, 


Ihe concentrations of these ions were also measured 

Lindberg '” also found that the solvolysis of tetra-O-acetyl-«-p-glucosy! 1-bromide in 
the presence of mercuric bromide was of the second order. This evidence is based on the 
analysis of the complete hydrolysis curve (Fig. 1), by allowing for the accompanying 
mutarotation. At best, this procedure can only be very approximate, especially when 
no allowance was made for catalysis of the main reaction by the liberated halogen acid 
Che method we have described is not dependent on Lindberg’s assumptions regarding the 
mutarotation, and our rate constants are not in exact agreement with his; nevertheless, 
we are in accord with his generai conclusion that the rate-determining step is the removal 
of the halogen to form the carbonium ion, 

When lithium chloride is added in the catalysed solvolysis of tetra-O-a-p-glucosyl 
1-chloride, the reaction velocity is decreased (Table 5 rhis behaviour may be interpreted 
in a similar manner to the salt effects for Syl reactions 

Slow 
RCI + HgCl, ween Rh 4+ HgCl, (1) 


Fase 


R* + H,O ———t ROH (2) 


Fase 


HgCl,~ age HgCl, + Cl (3) 


Ihe formation of the carbonium-ion is the slow rate-determining stage, the back 
reaction being much faster and comparable with the formation of the product by reaction 
(2). Addition of chloride ions suppresses the dissociation of the mercuric complex 
ion, and the bimolecular back reaction between K* and HgCl,~ would therefore gain in 
importance by comparison with reaction (2). It is not possible to study salt effects where 
the added salt has no common ion, ¢.g., lithium bromide, because under these conditions 
exchange of the halogens predominates 

rhe acetyl-glycosyl 1-halides are therefore suitable compounds by which to compare 

Ingold Structure and Mechanism in Organic Chetmist: (. Bell and Sons, Ltd, London, 
1953, p. 359 
‘* Bayles, Bentley, A. G. Evans, and Jones, /., 10565, 206; HNesearch, 1962, 6, 535 
Lindberg, Acta Chem. Scand., 1947, 1, 710 
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the uncatalysed solvolysis, which is an established Syl reaction, with the formation of the 
carbonium ion catalysed by mercuric salt. The stereochemical form is identical in the two 
cases, with almost complete inversion of configuration accompanying replacement of the 
halogen group. Such a definite stereochemical result is not normally associated with an 
Syl mechanism and it is this which led Isbell and Frush ! to suggest an Sy2 mechanism. 
Inversion of configuration is probable, however, because the 2-acetyl group hinders entry 
of the reactant molecule at position 1 on the side leading to retention of configuration. 
The direction of departure of the replaced halogen group would also contribute to this 
tendency 

Our experiments also provide a comparison, based on the effect of solvent variation, for 
the catalysed and the uncatalysed mechanism; the general behaviour is similar but there 
are particular differences. Brown and Hudson ' studied the effect of variation of solvent 
on the thermodynamics of Syl reactions. They investigated the variation in activation 
energy E and rate constant k, with changes in the solvent composition for several chlorides, 
and compared the behaviour with established Syl reactions. Fig. 3 shows results they 
quote for tert.-butyl chloride in comparison with our results for the catalysed and un 
catalysed solvolysis of tetra-O-acetyl-a-p-glucosyl I-chloride. The three instances are 
characterised by the constancy of the activation energy at high water contents. Brown 


bic. 3 Variation of activation energy with solvent 
composition in acetone water mixtures 
Bu'C) 
Tetra-O-acetyl-a-p-glucosyl 1-chloride, 
uncatal ysed 
letra-O-acetyl-a-p-glucosyl 1-chloride, 
catalysed 


a — 
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and Hudson discussed the nature of the solvation process for the Syl reaction, where it is 
probable that the change in reaction velocity on increasing the polarity of the solvent is 
due entirely to variation in the entropy of activation, with little or no contribution from 
activation energy. Table 7 confirms this for the uncatalysed Syl solvolysis. When the 
proportion of water is increased, AS* becomes less negative, but AH? remains constant. 
For the catalysed reaction the consequences of increasing the polarity of the solvent 
differ in some respects (Table 4). Increasing the proportion of water or methanol acceler 
ates the rate of the reaction, but this is not so pronounced as for the Syl reaction (Table 7) 
For the catalysed reaction, varying the solvent from 80 to 60°, acetone—water results in a 
three-fold increase in reaction rate, as compared with a ten-fold variation for the uncata 
lysed reaction. Nevertheless, the general variation in activation energy with solvent 
composition remains characteristic of the Syl process (Fig. 3), & becoming constant at high 
water or methanol concentrations. In reactions where Brown and Hudson ' encountered 
Sy2 reactions, ¢.g., the hydrolysis of p-nitrobenzoyl chloride in acetone-water, E showed a 
gradual increase with increasing solvent polarity, and this is no doubt related to the more 
diffuse charge distribution in the transition state of the bimolecular reaction. This differ 
ence in behaviour may thus be applied as a criterion for distinguishing between Syl and S»2 
reactions. The corresponding changes in entropy of activation with solvent composition 
for the catalysed reaction differ somewhat from those of the Syl reaction, As the solvent 
is varied from 2 to 20% of water in acetone, AS? becomes much more negative. Further 
addition of water results in much smaller rate changes, giving almost constant values for 


'* Brown and Hudson, /., 1953, 3352 
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AS*t. In methanol-acetone there is very little change in AS* throughout the whole range 
of solvent variation. The large difference in activation energy between the uncatalysed 
and the catalysed reaction is noteworthy; the entropy factor is also less favourable in 
the latter. 

The plot of log k,, against Y value of the solvent for the solvolysis of tetra-O-acetyl-a-p 
glucosyl 1-chloride in acetone—water is linear and consistent with an Syl reaction. The 
significance of these results will be discussed later 

There is a strong autocatalytic influence * of liberated hydrogen bromide during the 
solvolysis of tetra-O-acetyl-a-p-glucosyl 1-bromide in methanol which is greater than in 
aqueous media. Salomaa ™ finds this behaviour a characteristic feature of 1-halogeno 
ether solvolysis, and he observed that autocatalysis was more pronounced for solvents in 
which the hberated hydrogen halide is only slightly dissociated. He therefore regards the 
catalysis as arising from a positive salt effect rather than simple acid catalysis. Previously 
we * had also regarded this as a positive salt effect. Experiments where hydrogen bromide 
was added initially show that the initial rate is of the first order with respect to hydrogen 
bromide (Table 9). It appears therefore that hydrogen bromide functions as an electrophilic 
catalyst in a manner similar to the mercuric salts, giving rise to autocatalysis in non 
olvolytic reactions: RBr -- HBr—® R* 4- HBr,~. This mechanism is supported by 
the evidence from the sugar halides and the 1l-halogeno-ethers that un-ionised hydrogen 
halides are more effective catalysts than are ions formed in aqueous solution. The ions 
increase the reaction rate only in so far as they increase the polarity of the solvent and 
make conditions more conducive to the Syl reaction 


EXPERIMENTA! 

Solvents.-Methanol and acetone were purified as described in earlier papers. 

The term *#% aqueous acetone refers throughout to a medium obtained by mixing at room 
temperature * volumes of dry solvent with (100 — *) volumes of distilled water. Similarly 
¥°% methanol-acetone refers to a mixture of ¥ volumes of methanol with (100 +) volumes of 
acetone 

Tetva-O-acetyl-a-v-glucosyl 1-Bromide.—This was prepared from (-penta-O-acetylglucose by 
treatment with hydrogen bromide in glacial acetic acid ; the m. p. was 88-—89”, and [a)® -+- 198° 
(c, 2-0 in CHCI,). 

Tetva-O-acetyl-a-b-glucosyl 1-Chloride._-This was prepared by treating 6-penta-O-acetyl 
glucose with titanium tetrachloride in chloroform and had m., p. 75-76", (a)? + 166° (c, 2-1 in 
CHCI,) 

Reaction Pvroduct,—Tetra-O-acetyl-2-p-glucosyl 1-bromide (6 g.) and mercuric bromide 
(5-2 g.) were dissolved in methanol (250 ml.) and kept at 30 After 24 hr. the solvent was 
removed under reduced pressure (at <50°) and the resulting mixture of syrup and mercuric 
bromide extracted with chloroform. The mercuric bromide was filtered off, the solution dried 
(Na,SO,), and the solvent removed under reduced pressure Che syrup crystallised only with 
great difficulty, giving methyl 2; 3: 4: 6-tetra-O-acetyl-G-p-glucoside, m. p, 103-—-105° (after 
3 recrystallisations), [a)?? —17-5° (in CHCI,). 

Rate Measurements.—-The solvolysis of the halide was followed in a 2-2 dm. polarimeter tube, 
fitted with a jacket through which water from a thermostat was circulated, The thermostat 
temperature was constant within +-0-1°. 

(a) Reactions catalysed by mercuric salts. The experiments with tetra-O-acetyl-a-p-glucosyl 
1-bromide were carried out at approx, room temperature. The mixture was prepared from a 
known quantity of the halide in acetone and a known quantity of mercuric salt dissolved in a 
suitable medium, and was transferred quickly to the polarimeter tube, The solutions were pre 
heated to the reaction temperature in the thermostat 

Solvolysis of tetra-O-acetyl-a-p-glucosyl 1-chloride was studied from 60° to 100°, necessi 
tating the use of a sealed-ampoule technique. The mixture was prepared at room temperature 
as above, heated in a thermostat at the required temperature for varying intervals in the 
ampoule, cooled in ice, and then transferred to the polarimeter tube for measurement. 

The rate constants were evaluated from the initial rates of the reaction. 


4® Salomaa, ‘ The Kinetics of 1-Halogenoether Alcoholysis,’’ Annales Universitatis Turkuensis 
Turku, 1953 
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(b) Uncatalysed reactions. Yor the tetra-O-acetyl-a-p-glucosyl 1l-bromide the technique 
vas that recorded in previous publications, For the chloride the sealed-ampoule technique 
vas necessary, 

lables 10-12 show typical runs, only a part of the experimental observations being given 
ln general, the calculated values of the activation energy are accurate to 4- 0-3 kcal, 


10. Solvolysis of tetra-O-acetyl-a-p-glucosyl 1-bromide in 98°, acetone-water at 25-2 
catalysed by mercuric bromide. 
K Gr 005m higbr, 0-O074M 

¢ (min 0 y 3 4 5 6 8 10 12 20 45 1200 

1 ‘ » 76 é 346° 261° 241° 2°14° 1-72° 1-568° 134° 1-10° 150° 3-13 
(da/dt)rn 41 degree min’. hk, ‘2 x 10" 1. mole"! seco 
FABLE JI volvolysis of letra-~O-acelyl-«-v-glucosyl |-chloride in 70°, acetone-water at 100°. 
RCI 005M 


0 5 12 16 4! 71 101 175 265 600 660 
. O34 500° 560° &40° 510° 366° 2-93 2-49° 1-74° 1-56° 1:23 1-27 


1 


(da/dijreo 7 10°? degree min. '.. A, 2-14 10% sec. 


apie 12. Solvolysis of tetra-O-acetyl-a-p-glucosyl l-chloride in absolute methanol at 25°2 
catalysed by mercuric chloride 
KC1) = 0°049m HyCl, 0-067M 
Ol OS 1) 15 2-0 a0 50 y , 29 45 70 
642° 631° 623° 612° 604° 584° 543° 2 154° 035° —0-13 


da/dt),n6 3°25 10°* degree min! hy 1-14 mole sec.~! 
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Potential Radiosensitizers ; Some Quinones and Related 


Compounds, 


By K. J. M. Anprews, D. H. Marrian, and D. Rk. Maxwe_i 


Since some quinol bis(disodium phosphates) sensitize growing tissue 
towards the effects of ionizing radiation, three compounds of this type have 
been prepared bearing a radioactive atom for metabolic studies. The 
syntheses of some related compounds containing iodine are also included, 

Bromination of the Diels-Alder adduct of toluquinone and butadiene 
leads to either a tri- or a tetra-bromo-derivative depending on conditions 
Che structure of each of these compounds has been determined, 


For some years, work in these laboratories has been aimed at the synthesis of compound 
which would sensitize growing tissue towards the curative or palliative effects of X 
irradiation. Injections of cyanide or iodoacetic acid have been reported to sensitize 
tumour tissues to radiation,' and certain iodides,? gonadotropic hormone,’ and fluorescein * 
cemed to have similar properties; investigation of the effect of oxygen tension ® has led 
to the practice of oxygen inhalation by patients about to undergo X-ray therapy, Cornil 
Hlarker and Moppett, Austral. J. Exp. Biol., 1936, 14, 15 
lto, Japan. J. Obstet. Gyn., 1937, 20, 541. 
' Narimatsu, tbid,, p. 411 
* Umanskii, Varshauskii, and Kudokobsev, Doklady Akad. Nauk S.S_R., 1949, 65, 581 


* See Hollaender, “ Symposium on Kadiobiology,’’ Chapman and Hall Ltd., London, 1952, p. 255, 
lor a review 
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and Stohl * claimed that the radiosensitivity of a cell is related to its nucleic acid content 
and that the greater the ratio of deoxyribonucleic acid to ribonucleic acid, the higher the 
sensitivity. 

Previous work from these laboratories ? has shown that 2-methyl-1 : 4-naphthaquinol 
bis(disodium phosphate) (I; R = Me, R’ = H) inhibited mitosis of chick-heart fibroblast 
cultures (50%, inhibition compared to controls by 4 x 10-*m-soiution), and, further, that 
the antimitotic and chromosome fragmentation effects of 150 r of 220-kv X-rays in conjunc 
tion with the phosphate (I; R = Me, R’ H) (2 x 10°°m) were much greater than the 
sum of the effects due to twice the dose of X-rays and twice the concentration of phosphate 
acting separately. The compound (I; R = R’ = H) had the highest order of anti 
mitotic activity yet reported,® the concentration causing 50°, inhibition being 3 x 10° 
Both the phosphates (I; R = R’ = H and Me) ™ were potent radiosensitizers.” The 
halogenated derivatives (I; R = Me or H, R’ = Br) retained the property of mitotic 
inhibition.™ 
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First stages of a clinical trial of the phosphate (1; RK = Me, R’ = H) as an adjunct to 
X-ray therapy of inoperable carcinoma of the bronchus have been reported,!* but the 
small clinical effect observed should not be allowed to diminish the important finding that 
such an effect as sensitization towards X-ray is possible and that, im vitro, the effect on 
growing tissues is reproducible and of an encouragingly high order 

We visualize that an efficient radiosensitizing agent would have to fulfil certain criteria 
It must increase those effects of X-rays on tissues which are important in the cure or 
palliation of malignant conditions, especially the effects on mitosis and on chromosome 
structure; it should be more effective on rapidly growing than on resting tissue; and it 
should be well tolerated by the patient. The second criterion could be met if the com 
pound were to become concentrated selectively in growing tissue and in an attempt to 
study this possibility some potential radiosensitizers containing a labelled atom have been 
prepared. 

The metabolism of the phosphate (I; R = Me, R’ = H) containing radio-phosphorus 
has been studied by Neukomm and his co-workers “ but the interpretation of the results 
had to take into account very rapid enzymic dephosphorylation with the liberation of 
radioactive inorganic phosphate. Moreover, since Jaques, Millar, and Spinks “ have 
shown that rats which had been injected with 2-[C)methyl-1 : 4-naphthaquinone excreted 
the corresponding quinol bis(disodium phosphate), labelling the compound with @P had 
serious drawbacks for metabolic studies, A more reliable indication of the metabolism 
of the salt (I; R = Me, R’ = H) would follow from a study of the distribution of the 
compound bearing C in the 2-methyl group and starting with the corresponding quinone 
(made available to us by the generosity of Dr. Wright Langham, of the Los Alamos 
Scientific Laboratory), 2-[*C}methyl-1 : 4-naphthaquinol bis(disodium phosphate) (I; K 
M4CH,, R’ = H) was prepared by conventional methods, 

In another approach we sought to make use of “br (an energetic y-emitter) instead of 
the very weak §-emitter “C. 2-Bromo-3-methyl-1 : 4-naphthaquinol bis(dihydrogen 
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phosphate) had already been prepared, and this synthesis was modified for the prepar 
ation of the corresponding compound containing Br as follows : 
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tudies of the metabolism of the phosphates (I; R = “CH,, R’ = H) and (I; R = Me, 
Ik “S3r) have been briefly reported.*® “Br, a y-emitter, has the disadvantage of a 
hort half-life (35 hours) and “C the disadvantages associated with low-energy 6-emission 
(0-156 mev) and it was felt that the labelling of potentially interesting compounds with 
131] (a 6- and y-emitter of half-life 8-0 days) might combine ease of detection and estimation 
with even a possible therapeutic dose of radiation derived from the compound itself 
‘cf. ']-iodide which is used in the therapy of carcinoma of the thyroid gland). 

As a model compound the synthesis of 2 : 3-di-iodo-5 ; 6-dimethylbenzoquinol bis(di- 
hydrogen phosphate) (Il; R =< R’ = 1) was undertaken. 2: 3-Dibromo-5 : 6-dimethy]- 
benzoquinone reacted readily with sodium iodide in boiling ethyl methyl ketone, to give 
the dark red di-iodo-quinone which was reduced to the quinol and phosphorylated. 
A satisfactory yield of the phosphate (II; R = R’ =I) resulted. When the synthesis 
was undertaken with sodium !*!I-iodide, the need to conserve radioactivity suggested that 
only the theoretical amount of sodium iodide should be used. This resulted in an even 
better yield of crystalline di-iodo-quinone but the lower melting point and analytical 
figures indicated contamination with about 3°, of the starting dibromo-quinone. This 
was felt to be unimportant, especially as reduction and phosphorylation still gave an 
excellent yield of the phosphate (Il; R = R’ = J), Contamination was again evident 
from the analytical figures and this was confirmed by paper chromatography. Auto- 
radiography of the paper strip showed that more than 95%, of the radioactivity of the 
ample was associated with the main component, that traces were present in material 
behaving like the corresponding quinone, but that none was present as iodide ion. 

lhis synthesis suggested that bromine atoms attached to the quinone ring could be 
replaced by iodine provided that the oxidation—reduction potential of the quinone—quinol 
was lower than that of the iodide-iodine system. This condition was not fulfilled by 
5-bromo- or 5-chloro-toluquinone (IV; R = R’ = H, R” = Br or Cl), by tribromotolu- 
quinone (IV; R z R”’ Br), or by 5-bromo-2 : 3-dimethyl-1 : 4-benzoquinone (IV ; 
Ik Me, k H, R” «= Br), all of which liberated iodine when treated with sodium iodide 
in acetone 

Preliminary metabolic experiments with the phosphates (I; R = Me, R’ = Br) and 
(11; Roe K’ = 1) showed that the halogen attached to the quinol ring was rapidly 
liberated as halide ion."® Simple ion interchange between the bromo-quinone (III; R 
Me, R Lr) and salts contained in the body was unlikely to account for this since 
attempts to prepare the iodo-quinone (II1; R = Me, R’ = 1) by an exchange reaction 
between 2-bromo-3-methyl-1 : 4-naphthaquinone (III; R = Me, R’ = Br) and iodide ion 
were not successful. A possible mechanism for liberation of halide ion in vivo involves 
enzymic dephosphorylation to the quinol which would immediately equilibrate with the 
corresponding quinone. The halogenated quinone (III; R = Me, R’ = Br) or (IV; R 
Me, R K’’ «= I) might then be attacked by thiol-containing material with elimination 
of halide ion, 2-Chloro- and 2 : 3-dichloro-1 : 4-naphthaquinones (III; R == Cl, R’ = H; 
and R «= R Cl) react with thiols in this way,?® and so does chloranil,?’ and it was found 


‘* Maxwell, “ Second Radioisotopes Conference, 1954,"" Butterworths Scientific Publns., London, 
1954, Vol. I, Pp 200 

'* PFieser and Brown, ]. Amer. Chem. Soc., 1949, 71, 36090 

17 Schubert, ibid., 1947, 69, 712 


(1956) Potential Radiosensitizers. 1847 


that the quinone (III; R = Me, R’ = Br) reacted smoothly with sodium mercaptoacetate 
to give the acid (III; R = Me, R’ = S‘CH,’CO,H) identical with a specimen prepared 
from 2-methyl-l : 4-naphthaquinone and mercaptoacetic acid.’* The quinone (IV; R 
Me, Rk’ = R” = I) also reacted with sodium mercaptoacetate to give the quinone-acid 
(IV; R = Me, R’ = R” = S*CH,’CO,H), isolated and purified as the derived quinol. The 
lability of bromine in compounds analagous to (1; R = Me, R’ = Br) was also observed 
by Carrava ® who showed that 2-bromo-3-methyl-1 : 4-naphthaquinol suffered quantit- 
ative loss of bromide under alkaline conditions. 
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his ready loss of halogen from the phosphates (I; R = Me, R’ = Br) and (II; R 
R’ = 1) made compounds such as (III; R = CH,Br, R’ = H) and (V; R = CH,Br or 
CH,I) of little interest as intermediates, but 2-bromomethyl-1 ; 4-naphthaquinone (III; 
R = CH,Br, R’ = H) was readily obtained by Ziegler bromination of 2-methyl-1: 4 
naphthaquinone in hot acetic anhydride in the presence of dibenzoyl peroxide, and the 
quinol diacetate (V; R =CH,Br) from 1: 4-diacetoxy-2-methylnaphthalene and N 
bromosuccinimide in carbon tetrachloride. Both compounds decomposed on storage, but 
the quinol diacetate reacted smoothly with sodium iodide to give 1 : 4-diacetoxy-2-iodo- 
methylnaphthalene (V; R = CH,I) which was also unstable. No attempts were therefore 
made to convert these compounds into the corresponding bis(dihydrogen phosphates) 

Halogenation of the quinol ring having proved unsatisfactory, attention was turned to 
the introduction of halogen into the benzenoid ring. Thus 6-methyl-2-naphthylamine 
was converted in turn into the 2-iodo-compound, the iodo-quinone (VI), and the bis(di 
sodium phosphate) (VII). However, the early introduction of the iodine atom into the 
molecule and the low overall yield of (VII) rendered this synthesis of little value for the 
preparation of a therapeutic agent containing 'I. Attempts to prepare the compound 
(VI) or (VII) labelled with I by exchange reactions between the inactive compounds and 
131]-iodine were unsuccessful. Similar failures to prepare iodine-labelled derivatives 
of 2-methyl-l : 4-naphthaquinone or the corresponding quinol bis(disodium phosphate) 
were encountered, 

It seemed possible that Diels-Alder adducts between toluquinone and butadiene might 
be convenient starting materials for the preparation of similar compounds and, although 
iodo-compounds were not obtained, some interesting observations have been recorded, 
The adduct (VIII) *® was isomerised to the quinol (IX) by a trace of hydrobromic acid in 
hot acetic acid. When this was treated in ether suspension with 3 mols. of bromine in 
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acetic acid, a tribromide (X) crystallised on cooling, the structure of which has been 
deduced as follows. Its analyses indicated a formula C,,H,,O,Br,, and it was soluble in 
alkali and absorbed ultraviolet light maximally at 290 my (¢ 4200). This wavelength is 
close to the maximum absorption of quinol (e 2970 at 294 my) and the naphthaquinol (1X) 
(¢ 3600 at 290 my). Treatment of the tribromide (X) with sodium iodide in acetone, followed 
by gentle oxidation, gave the unstable quinone (XI; R = Br) (cf. Finkelstein*'). Vigorous 
oxidation of this by chromic acid in acetic acid * gave 2-bromo-3-methyl-1 : 4-naphtha- 
quinone (III; R == Me, R’ « Br) which was identified by comparison with an authentic 
ypecimen.™ The freshly prepared quinone (XI; R = Br) had a typical bromobenzo- 
quinone spectrum (€max, 10,500 at 267 my) and the rapid darkening of its colour was 


(X11) 


(1; ReMe, R’=H ) 


issociated with a change in the spectrum to one showing maxima at 245 and 280 my 
(c 7300 and 7900 respectively) qualitatively very similar to that of 2-bromo-3-methyl-1 : 4 
naphthaquinone (maz, 13,700 and 13,200 at 245 and 280 my respectively). Further, 
oxidation of the quirol (X) with dichromate in dilute sulphuric acid at room temperature 
or bromine in hot acetic acid (cf. Zincke) “ gave the quinone (X11), whose spectrum showed 
maximum absorption at 275 my (e 12,900); this absorption is in accord with that of the 
quinone (XV; emer, 24,000 at 255 my) since Braude * has shown that introduction of 
bromine into a quinone ring tends to decrease the extinction coefficient by about 50% and 
to increase the wavelength of maximal absorption by 10—20 my. The residual bromine 
atom in the quinone (XI; R = Br) appeared unreactive towards iodide ion, a behaviour 
also shown by the analogue (III; R = Me, R’ = Br). 

More vigorous bromination of the quinol (IX) in hot acetic acid gave a colourless com- 
pound C,,H,,0,Br,, insoluble in alkali and unaffected by mild oxidation. This is 
considered to be (XIV) on the grounds of its analytical composition, its lack of colour, and 
its maximal absorption of ultraviolet light at 275 my (e 5300) which accords well with the 
properties of a similar type of compound, 2 : 3-dibromo-2 : 3-dihydro-5 : 6-dimethyl-1 : 4- 
benzoquinone (XIII) (emax, == 8300 at 275 my) obtained by addition of 1 mol. of bromine to 
2: 3-dimethyl-1 : 4-benzoquinone. Moreover, treatment of the compound (XIV) with 
sodium iodide again eliminated two bromine atoms to give the quinone (XV) (cf. Zincke * 
who prepared 2; 3-dichloro-1 : 4-naphthaquinone by action of potassium iodide on the 
corresponding dihydronaphthaquinone tetrachloride). The quinone (XV), when first 
prepared, had a typical quinone spectrum (mas, 25,000 at 255—256 my) but on storage 
the compound changed to a mixture of indefinite melting point and became only partially 
soluble in alcohol, These changes were not associated with the pronounced darkening 
shown by the compound (XI; R = Br) but recall the dimerisation of 2-methyl-1 : 4- 
naphthaquinone in sunlight. More prolonged treatment of the tetrabromo-compound 
(XIV) with sodium iodide eliminated all four bromine atoms. The resulting compound, 
which rapidly changed colour from yellow to purple in air and was doubtless 5 : 8-dihydro- 
2-methyl-1 : 4-naphthaquinone (XI; R =H) gave 2-methyl-] : 4-naphthaquinone (III; 
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R == Me, R’' = H) on oxidation with chromic acid. These reactions and properties 
complete the identification of 2 : 3: 6: 7-tetrabromo-2 : 3: 5: 6: 7 : 8-hexahydro-2-methyl- 
| : 4-naphthaquinone (XIV). 

Under the usual conditions, the quinol (IX) readily formed a bis(dihydrogen phosphate), 
isolated as its tetracyclohexylamine salt. Treatment of an aqueous solution of the latter 
with excess of sulphuric acid caused the monocyclohexylamine salt to crystallise—a 
derivative apparently less sensitive to light than the original salt. 


EXPERIMENTAL 

2-[@C)Methyl-1 : 4-naphthaquinol Bis(barium Phosphate).—2-(MC]Methyl-1 ; 4-naphthaquin- 
one (57-8 mg. containing 1 mc of “C) was added to a solution of 2-methyl-1 ;: 4-naphtha 
quinone (940 mg.) in pure dry ether (60 c.c.). The quinone was reduced by shaking it with 
platinum oxide and hydrogen at atmospheric pressure. Uptake ceased when 131 c.c. had been 
absorbed (req., 131 c.c. at N.T.P.), The colourless ethereal solution was decanted into a flask 
filled with nitrogen, and the solvent removed in vacuo over nitrogen. Dimethylaniline (12 c.c.) 
was added and the mixture magnetically stirred in an ice-bath with exclusion of moisture during 
the addition (30 min.) of freshly distilled phosphorus oxychloride (10 c.c,), then stirred at room 
temperature over-night. Ice was added, followed by 5n-sodium hydroxide to pH 8—9., 
Stirring was continued for 3 hr., with occasional addition of alkali to maintain the slightly 
alkaline conditions, the organic layer was separated and washed with n-sodium hydroxide 
(2 x 10 c.c.), and the combined aqueous phases were washed with methylene chloride 
(2 x 20c.c,), The aqueous phase was brought to neutrality by addition of concentrated hydro 
chloric acid. Ammonium chloride (6 g.) and calcium chloride (6 g. of the hexahydrate) were 
then added, the precipitate was filtered off and washed with water (5 x 10¢c.c.). The combined 
filtrates were acidified with concentrated hydrochloric acid (12 c.c.) with stirring and extracted 
with butan-l-ol (4 x 20 c.c.). The extracts were then extracted with N-sodium hydroxide 
(4 x 20 c.c.), the aqueous phases neutralised with concentrated hydrochloric acid, and the 
volume reduced to about 40 c.c. by evaporation in vacuo over nitrogen. Ammonium chloride 
(2-0 g.) and barium chloride (3-5 g. of dihydrate) were then added, and the solution was clarified 
by filtration through Hyflo and boiled, The barium salt crystallized (reverse solubility); the 
yield was 1-5 g. (38%) after a further recrystallization from water (Found, in material dried 
in vacuo at room temperature: C, 19-7; H, 2-9; P, 9-05. C,,H,O,P,Ba,,44H,O requires C, 
19-3; H, 25; P, 90%). Ultraviolet max. at 226 (e 45,500) and 290 my (¢ 5600) in 
0-01ln-HCL 

A solution of the sodium salt was obtained by ion-exchange over Dowex 50 (Na form). The 
radioactive and chemical purity of such a solution was tested by paper chromatography 
(descending) on Whatman No, | in saturated ammonium sulphate (80 vol.), M-sodium acetate 
(20 vol.) and isopropyl alcohol (2 vol.), Located by the photographic technique described by 
Markham and Smith * (except that an unfiltered mercury discharge tube was used as the light 
source), the main spot had 2, 0-55 and was contaminated by traces of material remaining near 
the origin. More than 99% of the radioactivity of the solution was associated with the main 
spot, the rest being associated with the slow-moving material. The specific activity of the 
material was shown to be 0-44 uc/mg. of the tetrasodium salt compared to the calculated value 
of 0-41 uwc/mg. 

2-(" Br| Bromo-3-methyl-1 : 4-naphthaquinone.—-All reactions involving “Br were carried out 
in a well-ventilated hood behind 2 inches of lead. The initial oxidation of potassium bromide 
to bromine is an adaptation of the method described by Twombly and Schoenewaldt,* 

Potassium ["Br)]bromide (1-4 g. containing 250 mc of “Br) was dissolved in water (10 c.c.) 
in a 100 c.c, flask fitted with dropping funnel and gas-inlet and -exit tubes. The gas inlet was 
branched to the top of the dropping funnel to avoid pressure differences, The contents of the 
flask were warmed to 40° and stirred during the slow addition of a solution of manganese dioxide 
(2-0 g.) in concentrated sulphuric acid (20 c.c.) from the funnel. The liberated bromine was 
transferred by a slow stream of nitrogen through a sulphuric acid drying-tube into a 100 c.c. 
flask containing 2-methyl-1 : 4-naphthaquinone (1-0 g.), anhydrous sodium acetate (2-0 g.), and 
acetic acid (15 c.c,), the whole being immersed in liquid air. The exit tube from this flask led 
through a safety tube to two gas traps containing acetic acid. After final addition of the 
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oxidizing mixture, liberation of bromine was completed by warming to 70°. When all the 
bromine had been transferred, the reaction flask was removed from the liquid-air bath, 
disconnected from the rest of the apparatus, and fitted with an efficient reflux condenser and 
soda-lime tube, As the bromine melted, acetic acid (5 c.c.) was added and the whole warmed to 
560° in a water-bath. After 3 hr., the contents of the flask were cooled and water added to 
precipitate the quinone, which was filtered off in a tall, cylindrical, sintered-glass funnel. The 
above technique is adapted from the published method.* 

2-(" Br) Bromo-3-methyl-1 : 4-naphthaquinol Bis(disodium Phosphate).—A rubber teat was 
placed over the stem of the filter funnel containing the quinone described above, and dry ether 
(70-80 c.c.) added. Anhydrous calcium sulphate was added (20 g.), the ethereal solution dried 
by gentle stirring, the rubber teat removed, and the solution allowed to filter into a dry flask 
(100 ¢.c, capacity). Reduction to the quinol and subsequent phosphorylation were carried out 
as described for the 4“C-compound above, except that the phosphorus oxychloride was diluted 
with an equal volume of dry toluene before addition. Before hydrolysis next day, solvents were 
removed by distillation in vacuo over nitrogen, and the residue was treated with ice and alkali 
as described. Extractions into and out of butanol were carried out by mechanical stirring in 
the separating funnel to avoid handling. The final alkaline extracts, evaporated to half bulk, 
were treated with alcohol to turbidity, and the whole was chilled overnight, Colourless hydrated 
needles of the bis(disodium phosphate) resulted (yield 34%) (Found, in material dried in vacuo at 
room temperature: C, 21-0; H,3-2; P,94. C,,H,O,P,BrNa,,7H,O requires C, 21-0; H, 3-4; 
P, 99%). Ultraviolet max. at 232 (c 70,000) and 290 my (¢ 5800) in 0-0ln-HCI. These figures 
agree with those obtained from a specimen of the free acid corresponding to the above salt 
which had been prepared previously." The material moved as a single spot in the solvent 
system described above (it, 0-39) and more than 95% of the radioactivity of the sample was 
shown to be associated with this spot (measured by autoradiography of the paper strip on 
Ilford X-ray film) 

2: 3-Di-iodo-6 : 6-dimethyl-1 : 4-benzoquinone,-—2 : 3- Dibromo-5 : 6-dimethyl-1 : 4-benzo- 
quinone (5-0 g.) and sodium iodide (7 g.) were gently refluxed overnight in ethyl methyl ketone 
(125 « ; redistilled), The solvent was evaporated in vacuo, and the residue suspended in 
acetone and poured into water. The red-brown crystals were filtered off, washed with water, 
and recrystallized from hot alcohol (yield, 3-0 g., 45-56%; m. p. 157-—-158°). 

For analysis, the compound was recrystallized twice more from alcohol and formed dark red 
needles, m. p. 159-5-——-160° (Found, after drying in vacuo at room temperature for 2 hr. : C, 25-0; 
H, 1-6; I, 66-4. C,H,O,1, requires C, 24-8; H, 1-6; I, 65-4%). The same reaction, carried 
out with the dibromoquinone (1-0 g.) and sodium iodide (1-0 g.), gave (after recrystallization 
from alcohol) 0-83 g. (62%) of red prisms, m. p. 148-—-149°. This material contained 3-0% of 
bromine, presumably as unchanged dibromioquinone. This was the scale on which the reaction 
with sodium [*'] iodide was carried out, 

2: 3-Di-todo-b ; 6-dimethyl-1 : 4-benzoquinol Bis(dihydrogen Phosphate).-The above di-iodo 
quinone (3-5 g.) was reduced in ether by shaking it with aqueous sodium dithionite and the 
vashed and dried quinol phosphorylated as described above for the [“Br)bromo-compound., 
rhe mixture was evaporated in vacuo at 100° and the resulting gum dissolved in methylene 
chloride, treated with ice, and brought to pH 8—9 by adding aqueous sodium hydroxide to the 

tirred mixture, During 3 hr., further additions of alkali kept the solution just alkaline to 
phenolphthalein. A solution of barium chloride (20 g.) in water was next added, the precipitate 
eparated at the centrifuge, and an equal volume of alcohol added to the supernatant liquid. 
rhe precipitated bis(barium phosphate) was « ollected (centrifuge), washed, and dried (4-9 g., 66%). 
his salt (3-9 g.) was converted into the acid by percolation through a column of Dowex 50 
(Hi* form), and the eluate evaporated to small bulk in vacuo over nitrogen. The compound 
separated in colourless prisms, m. p. 242° (decomp.) (600 mg., 52%). After one recrystallization 
from hot water, it had m. p. 242-5° (decomp.) (Found, in material dried in vacuo at room 
temperature for 2 hr.: C, 17-9; H, 1-8; I, 46-2. C,H,,O,P,I, requires C, 17-5; H, 1-8; I, 
46-2°% Repetition of this preparation with the slightly impure radioactive di-iodoquinone 
gave the labelled compound in similar yield, 

5-Bromotoluquinone.—Toluquinone (1-0 g.; steam-distilled) was treated in acetic acid 
5 ¢.c.) with bromine (0-45 c.c.) in acetic acid (5 c.c.). Anhydrous sodium acetate (1-0 g.) was 
added immediately, and the whole warmed till reaction began and left on the steam-bath for 
S min. The solution was poured into water and stirred till the precipitate solidified, and the 
solid recrystallized from alcohol. The compound formed yellow prisms (350 mg., 23%), m. p. 
09—-100° after softening. For analysis, one recrystallization from hexane raised the m. p. to 
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105-—-107° (Found, in material dried im vacuc at room temperature, under which conditions the 
compound is volatile: C, 42-0; H, 2:5; Br, 39-6. C,H,O,Br requires C, 41-8; H, 2-5; Br, 
39-75%). The compound is also easily prepared as follows. Toluquinone (1-0 g.) in acetic 
acid (5 c.c.) was treated with hydrobromic acid in acetic acid (2 ¢.c.; 50% w/v) with shaking. 
The colour was quickly discharged, at which point a solution of potassium dichromate (5 g.) 
and sulphuric acid (2 c.c.) in water (50 c.c.) was added. The resulting solution was chilled in 
ice, and the crystalline solid filtered off, and washed well with water and then with alcohol 
(yield, 1-1 g., 67%; m. p. 103-—105°), 

5-Chlorotoluquinone,—-The method reported by Cason, Allen, and Goodwin ®™ appeared 
unnecessarily cumbersome so the compound was prepared as follows: toluquinone (5-0 g.) in 
acetic acid (25 c.c.) was stirred and treated dropwise with concentrated hydrochloric acid 
(15 cx 5-Chlorotoluquino!l crystallized and was dissolved by warming. Potassium 
dichromate (25 g.) and sulphuric acid (10 c.c.) in water (250 c.c.) were next added and the whole 
allowed to cool, 5-Chlorotoluquinone crystallized in 66% yield (m. p. 105-—106-6°; Cason 
et al. give 103-104"). 

3: 5: 6-Tribromotoluquinone,—-The conditions described above for the first preparation of 
5-bromotoluquinone were repeated, but with twice as much bromine and sodium acetate. 
Worked up as before, the compound formed yellow prisms (30°), m. p. 233° (decomp.) after 
two recrystallizations from alcohol followed by sublimation at 140-—-160°/1 mm, (Found, in 
material dried in vacuo at 50°: C, 23-9; H,0-9; Br, 66-8. Cale. forC,H,O,Br,: C, 23-4; H, 0-8; 
Br, 66-8%). Fichter and Rinderspacher ” give m, p. 234 

2: 3-Dibromo-2 : 3-dihydro-5 : 6-dimethyl-1 : 4-benzoquinone 2; 3-Dimethyl-1 : 4-benzo- 
quinone (1-0 g.) in acetic acid (5 c.c.) was warmed with bromine (1-2 g.) in acetic acid (5 ¢.c.). 
When the colour had been discharged, the solution was poured into water, and the pale yellow 
prisms were filtered off, washed with water, and dried in air (yield 1-75 g., 80%; m. p. 100 
102°). After two sublimations in vacuo and one recrystallization from hexane, the compound 
had m. p. 104—-105° (Found, in material dried in vacuo at room temperature: C, 32-6; H, 2-0; 
Br, 53-7. C,H,O,Br, requires C, 32-4; H, 2-7; Br, 54.0% Ultraviolet max, at 275 mu 
(¢e 8300) 

5-Bromo-2 : 3-dimethyl-1 : 4-benzoquinone.-The above dibromo-compound (1-7 g.) was 
shaken overnight with a solution of anhydrous sodium acetate (1-0 g.) in acetic acid (10 c.c.). 
Che whole was poured into water and scratched, The product formed orange prisms (600 mg., 
49%), m. p, 42—-43° not raised by recrystallization from alcohol (Found, in material dried 
in vacuo at room temperature: C, 45-0; H, 3-9; Br, 37-55. C,H,O,Br requires C, 44-5; H, 
3-7; Br, 37-0%). 

2-Carboxymethylthio-3-methyl-1 : 4-naphthaquinone.-Conditions described by Fieser and 
lurner '* were followed except that 2-bromo-3-methyl-1 : 4-naphthaquinone was used as starting 
material, The compound was isolated in 49% yield with m. p. 156-—159° raised to 159-161” 
by recrystallization from benzene, The m. p. was not depressed on admixture with an authentic 
specimen 
2 - 3-Dicarboxymethylthio-5 : 6-dimethyl 1 : 4-ben quinol Mert aptoacetic a id (062 ex 
redistilled) was neutralized with sodium hydroxide and slowly added to a solution of 2: 3-di 
iodo-5 : 6-dimethyl-1 ; 4-benzoquinone (1-24 g.) in alcohol (10 ¢.c.), The mixture was refluxed 
for 14 hr., the solvent distilled off in vacuo, and the dark residue taken up in a mixture of aqueous 
sodium dithionite and ether, The ether layer was removed, the aqueous phase was extracted 
4 times with ether, and the extracts were combined with the original ether phase, The combined 
extracts were shaken with m-sodium carbonate (4 « 10 c.c.), and the alkaline extracts brought 
to pH 3-—-4 by addition of acetic acid and concentrated hydrochloric acid, This solution was 
extracted 4 times with ether, and the extracts were dried, boiled with charcoal, and filtered. 
Evaporation left a red solid which was recrystallized from 50% alcohol containing a little 
dithionite. High-melting, colourless prisms of 2: 3-dicarboxymethylthio-6 : 6-dimethyl-1 : 4 
benzoquinol were deposited on cooling (0-6 g., 59%), which were recrystallized once more before 
analysis (Found: C, 45-8; H, 44; S, 20-0. C,,H,,O,5, requires C, 45-3; H, 4:4; S, 201%). 

2-Bromomethyl-1 : 4-naphthaquinone,—2-Methyl-1 : 4-naphthaquinone (1-0 g.), N-bromo 
succinimide (1-0 g.), and dibenzoyl peroxide (15 mg.) were suspended in acetic anhydride (7-5 ¢.c,) 
and heated and shaken at 135° for a few minutes, When the colour lightened, the solution was 
poured on ice, and the liquid decanted. The yellow solid was triturated with alcohol and 
recrystallized from alcohol (65 c.c.) (yield, 360 mg., 27-5, After recrystallization from methyl 

* Cason, Allen, and Goodwin, J. Org. Chem., 1948, 18, 403 

” Vichter and Rinderspacher, Helv. Chim, Acta, 1927, 10, 40 
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alcohol, the compound formed yellow needles, m. p. 96° (decomp.) (Found, in material dried 
in vacuo at room temperature: C, 62-3; H, 2-8; Br, 30:3. C,,H,O,Br requires C, 62-6; H, 
28; Lr, 318%). It decomposes when kept. 

1 : 4-Diacetoxy-2-bromomethylnaphihalene.—1 : 4-Diacetoxy-2-methylnaphthalene ™ (8-0 g.), 
N-bromosuccinimide (5-6 g.), and dibenzoyl peroxide (ca. 100 mg.) were refluxed in carbon 
tetrachloride (15 c.c.) for 30 min, under a 200 w lamp. After this time, no active bromine 
remained in solution. More carbon tetrachloride (15 c.c.) was added, and the whole refluxed 
and filtered. The yellow prisms deposited on cooling were filtered off, washed, ground with 
water, filtered off, and dried in air (yield, 6-3 g., 61%; m. p. 138-—141-5°). After two recrystalliz 
ations from methyl alcohol, the compound formed colourless prisms, m. p. 145-—146° (Found, in 
material dried in vacuo at 60°: C, 63-6; H, 42; Br, 23-8. C,,H,,O,Br requires C, 53-4; H, 
3-9; Br, 23-7%). 

1: 4-Diasetoxy-2-iodomethylnaphthalene,—1 : 4-Diacetoxy-2-bromomethylnaphthalene (6-0 g.) 
was refluxed for 1 hr. with sodium iodide in acetone (60 c.c. of 15% w/v). About half of the 
acetone was distilled off and the residue poured into water (200 c.c.). The precipitate was 
filtered off, washed with water, and dried in vacuo (yield, 6-7 g., 97%). After recrystallization 
from alcohol, there were obtained 4-45 g. (64%) of 1 : 4-diacctoxy-2-iodomethylnaphthalene as pale 
yellow prisms, m. p. 122-—-123° (decomp.). For analysis, the compound was recrystallized twice 
more from alcohol after which it formed almost colourless matted needles, m, p. 125-5° (decomp.) 
(Found, in material dried in vacuo at room temperature: C, 47:1; H, 3-5; 1, 33-4. CygHyO,l 
requires C, 46-9; H, 3-4; I, 33-0%). The compound decomposes when kept. 

2-lodo-6-methylnaphthalene,--6-Methyl-2-naphthylamine (7-85 g.) was stirred in dilute 

ulphuric acid (56-6 c,c. of acid in 78 c.c, of water) at 6°. Sodium nitrite (5 g.) in water was added 

during ca, 30 min, Then urea was added, followed by a concentrated solution of potassium 
iodide (11-2 g.) in water. The mixture was left at room temperature for 1 hr., heated at 90° for 
i hr., and then left at room temperature overnight. The precipitate was removed, was washed 
with water, and dissolved in ether, and the solution was treated twice with charcoal. The 
filtered ethereal solution was evaporated and the residue recrystallized from light petroleum 
b, p. 100--120°) (yield, 5-5 g., 42%). Recrystallization gave the compound as colourless 
prisms, m. p. 146—147° (Found: C, 48-9; H, 3-3; I, 47-9. C,,H,I requires C, 49-3; H, 3-4; 
1, 473%, 

6-lodo-2-methyl-1 : 4-naphthaquinone.—-2-lodo-6-methylnaphthalene (2-68 g.) was powdered 
and treated in acetic acid (15 c.c.) with chromium trioxide (5 g.) in water (3-5 c.c.) and acetic 
acid (3-5 c.c.), dropwise at <40°, The mixture was left at room temperature for 1 hr, and then 
warmed on a water-bath for 30 min. On cooling, most of the guinone crystallized, the remainder 
being obtained by dilution with water. It was washed with water. Recrystallization from 
methanol gave 1-1 g. (37%) of yellow needles, m. p. 136-—137° (Found: C, 43-7; H, 2-4; I, 
13-05. C,,H,O,1 requires C, 44-32; H, 2-37; I, 426%). 

The identity was proved by oxidation with potassium permanganate which gave 4-iodo 
phthalic acid, m. p. 182° (Found: C, 32-2; H, 2-1; I, 42-6. Cale. forC,H,O,1,4H,O: C, 31-9; 
H, 2-0; 1, 422%) 

6-/odo-2-methyl-1 : 4-naphthaquinol.—-6-lodo-2-methyl-1 : 4-naphthaquinone (2-6 g.) was 
‘haken in ether with aqueous sodium dithionite until colourless. The ethereal solution was 
dried (Na,SO,) and evaporated. The residue was twice dissolved in dry toluene and evaporated 
in vacuo, and then immediately used as follows : 

6-lodo-2-methyl-1 : 4-naphthaquinol Bis(disodium Phosphate).—Dry toluene (10 c.c.) and 
dimethylaniline (8 c.c.) were added to the above quinol, and the mixture cooled in ice and stirred 
under nitrogen. Phosphorylation and subsequent isolation of the barium salt closely followed 
the methods given for the radioactive phosphates described above, All the dibarium salt 
2-16 g.) was suspended in water (10 c.c.) and stirred and cooled in ice. Barium ions were 
removed by sodium sulphate, and the filtrate evaporated in vacuo below 40° to small volume. 
Addition of alcohol gave a white precipitate which was fiitered off and dried (1-1 g.). The 

ymmpound recrystallized from methanol-ethanol as colourless needles (0-8 g.) which, although 
hygroscopic, resolidified in air (Found, in material dried in vacuo at 110°: C, 24-5; H, 1-6; P, 
11-0; I, 22-2. C,,H,O,P,INa, requires C, 24-1; H, 1-3; P, 11-3; 1, 23-2%). Ultraviolet 
max, at 220 (¢ 34,580), 247 (¢ 38,050), and 288-292 my (« 5740). 

The compound gave one ultraviolet-absorbing spot, with a small cap, on a paper chrom- 
atogram {ascending in butan-1l-ol (50 vol.), acetic acid (15 vol.), and water (35 vol.) for 17 hr.) 
Ry 0-45 0-5) 

*' Anderson and Newman, J. Biol. Chem., 1933, 108, 405. 
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Attempted Exchange Reactions with 6-lodo-2-methyl-1: 4-naphthaquinone and the Corve- 
sponding Quinol Bis(disodium Phosphate).—-(a) The quinone (4 mg.) in butan-1l-ol (1-0 c.c.) was 
treated with a solution of carrier-free ["*4I iodine in butan-l-ol (0-5c.c.). A similar experiment 
with carbon tetrachloride as solvent was also set up, together with control tubes containing no 
quinone in each case. All tubes were shaken overnight under a tungsten lamp and then the 
solutions were extracted with aqueous sodium thiosulphate (4 times). There was no difference 
in the radioactivity associated with either phase between the controls and the experimental 
tubes. 

Experiments in which a molar amount of carrier iodine was added gave similar negative 
results 

b) The phosphate (8 mg.) in water (1 c.c.) was treated with carrier-free {1 }iodine in carbon 
tetrachloride in the presence of buffers at pH 4, 6, and 9. The tubes were shaken overnight 
under a tungsten lamp and later examination revealed that no radioactivity was asociated with 
the aqueous phases. Similar results were obtained with butan-1l-ol as the solvent or with the 
addition of carrier iodine. 

Similar experiments with 2-methyl-1: 4-naphthaquinone or the corresponding quinol bis- 
(disodium phosphate) were carried out in an attempt to introduce iodine directly into the 
molecule. All failed. 

5 : 8-Dihydro-2-methyl-1 : 4-naphthaquinol.-The following modification of the published 
procedure ® proved effective. The Diels-Alder adduct of toluquinone and butadiene (16 g.) 
was dissolved in acetic acid (25 c.c.) and brought to incipient boiling, Hydrobromic acid in 
acetic acid (10 drops; 60% w/v) was added and a vigorous reaction took place, The quinol 
crystallized immediately and, when cool, was filtered off, washed with alcohol, and dried at 70° 
(yield 13-7 g., 86%); it had m, p. 172-—173° and ultraviolet max. at 200 my (¢ 3300) in 95% 
alcohol. 

5 : 8-Dihydro-2-methyl-1 : 4-naphthaquinol Bis(dihydrogen Phosphate The above quinol 
(6-0 g.) was phosphorylated by the method detailed above, the dibarium salt being isolated by 
addition of an equal volume of alcohol to its aqueous solution. After centrifuging, washing, 
and drying, the salt weighed 19-7 g. (96%). The dibarium salt in water was treated with dilute 
sulphuric acid until free from barium ions, the mixture filtered, and the filtrate evaporated to 
dryness in vacuo under nitrogen at about 50°. The residue was taken up in a little methyl 
aicohol, and cyclohexylamine (3 c.c.) added. The tletracyclohexylamine salt of the bis(di- 
hydrogen phosphate) crystallized in colourless prisms, which were washed with a little methyl 
alcohol. The yield (from 3 g. of the barium salt) was 1-8 g.(48%,) and the m, p. ca, 212° (decomp.) 
dependent on the rate of heating. For analysis, the compound was dissolved in a little warm 
methyl alcohol, and excess of cyclohexylamine added, the common ion effect assisting crystalliz- 
ation; m. p. was then 213° (decomp.) (Found, in material dried im vacuo at room temperature 
C, 56:1; H, 9-056; N, 7-4; P, 7-95. C,,H,,0,P,,4C,H,,N,14H,0 requires C, 56-3; H, #1; N, 
74; P, 815%). Ultraviolet max. at 280 my (ce 1000) in 95% alcohol, at 272 my (e€ 770) in 
0-In-HCl 

The monocyclohexylamine salt was prepared as follows: the 
(1-0 g.) was dissolved in water (2 c.c.), and 7N-sulphuric acid (3 c.c,) added, 
crystallized and was washed with a little water and then with alcohol (yield, 400 mg., 69%), 
forming prisms, m. p. 211—-212° (Found, in material dried in vacuo at room temperature; C, 
45-9; H, 65; N, 3-4; P, 18-4%; equiv., 153. C,,HyO,P,CgH,,N,4H,0 requires C, 46-0; 
H, 6-3; N, 3-2; P, 13-90%; equiv., 153). 

3:6: 7-Tribromo-6 : 6: 7: 8-tetrahydro-2-methyi-\: 4-naphthaquinol.-5 : 8-Dibydro-2 
methyl-1 : 4-naphthaquinol (1-0 g.) was suspended in ether (8 c.c.) and shaken with bromine 
(0-91 g.) in acetic acid (3 c.c.) until dissolved. An equal amount of bromine in acetic acid was 
then added, whereupon crystallization immediately ensued. The tan prisms were filtered off 
and washed with alcohol giving 2-0 g. (85%) of material which decomposed when heated but 
had no m. p. up to 300°. Before analysis, the compound was recrystallized twice from tert.-amyl 
alcohol (Found, in material dried in vacuo at room temperature: C, 32-1; H, 2-0; Br, 684 


C,,H,,0,Br, requires C, 31-8; H, 2-7; Br, 57-8% Ultraviolet max. at 290 mu (e 4600) in 


tetracyclohexylamine salt 
The product 


95% alcohol 

3-Bromo-5 : 8-dihydvo-2-methyl-1 : 4-naphthaquinone The above tribromoquinol (1-0 g.) 
and sodium iodide (2-0 g.) were refluxed overnight in acetone (8 c. then poured into 
odium thiosulphate, and the whole was extracted twice with ether. The washed 


aqueous 
ium dichromate solution after which the 


extract was oxidized by shaking it with acidified pota 
yellow ether layer was separated, washed free from acid with water, dried, and evaporated, 
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Ihe yellow residue recrystallized from alcohol, from which the compound separated in needles, 
originally yellow, but becoming black when kept. The yield was 500 mg. (82%) and the m. p 
142° (decomp.) after sintering at 137°. The m. p. was unchanged by further recrystallizations 
(Found, in material dried in vacuo at room temperature C, 52-45; H, 3-8; Br, 31-8. 
C,,H,O,Br requires C, 52-1; H, 3-6; Br, 31-6%). Ultraviolet max. at 267 my (e 10,500) 
When kept, the compound darkens considerably, the m. p. changes, and the absorption begins 
to resemble that of 3-bromo-2-methyl-1 ; 4-naphthaquinone (see below), The maxima of black 
needles three weeks after preparation were at 245 (¢ 7300) and 280 my (e 8000) in 95% alcohol 

Oxidation of the above compound by chromic acid in acetic acid at 90° gave, after dilution 
with water, filtration, and recrystallization of the yellow solid from alcohol, 3-bromo-2-methy] 
1: 4-naphthaquinone, m, p. 154-5° undepressed on admixture with an authentic specimen. The 
ultraviolet absorption maxima of this quinone are at 245 (¢ 13,800) and 280 my (e 13,200) in 95% 
al ohol 

2:3: 6: 7-Tetrabromo-2:3:5:6: 7: 8hexahydro-2-methyl-1 : 4-naphthaquinone,—5 ; 8-Di 
hydro-2-methyl-1 : 4-naphthaquinol (1-0 g.) was dissolved in hot acetic acid (10 c.c.) and water 
(10 ¢.c.), and treated with bromine (2-8 g.) in acetic acid (1 c.c.) rhe mixture was boiled for a 
few seconds and allowed to cool. The compound crystallized on cooling as very pale yellow 
plate 1-7 g., 61%), m. p. 138--139° (decomp.) after sintering at 135 After two recrystalliz 
ations from alcohol, the compound formed colourless plates, m. p. 148—-149° (decomp.), after 
sintering at 135° (Found, in material dried in vacuo at 50°: C, 26-7; H, 2-2; Br, 64-3. 
C,,H,,0,Br, requires C, 26-75; H, 2-0; Br, 648%). Ultraviolet max. at 275 my (e 5300) in 
065% alcohol. The compound was insoluble in aqueous alkali and was recovered unchanged 
after being shaken in ether with acidified potassium dichromate solution. Hot acetic acid 
containing anhydrous sodium acetate appeared to de om pose the « ompound, 

6: 7-Dibromo-5 : 6:7: 8-telrahydre-2-methyl-1 : 4-naphthaquinon The above tetrabromo 
compound (1-0 g.) and sodium iodide (2-0 g.) were mixed with acetone (20 c.c.), Free iodine was 
liberated at once. The whole was gently refluxed for 30 min., poured into aqueous sodium 
thiosulphate, and extracted with ether. The washed, dried, and evaporated extract gave a 
crystalline residue which recrystallized from alcohol, giving the compound (350 mg., 52%) as 
deep yellow rods, m. p, 72—-73° unchanged by further recrystallization from alcohol (Found, in 
material dried in vacuo at room temperature ; C, 40-2; H, 3-35; Br, 47-8. C,,H,O,Br, requires 
C, 30-5; H, 3-0; Br, 47-8%). Ultraviolet max. at 255 my (e 24,000) in 95% alcohol, The 
compound decomposed when kept to a material only partly soluble in alcohol and of indefinite 
m. p, (84° upwards), 

When the tetrabromo-compound (3-0 g.) and sodium iodide (9-0 g.) were refluxed for 24 hr 
in acetone (140 ¢.c,), and the resulting mixture was poured into water, a yellow solid separated 
which darkened rapidly in air, This solid was dissolved in acetic acid (10 c.c.) and treated with 
a solution of chromic acid in acetic acid, the temperature being kept at 50°, Next morning the 
dark solution was poured into water, and the yellow crystals which separated were filtered off, 
washed with water, and dried (yield, 400 mg., 38%; m. p. 105-—-106°), Recrystallized from 
alcohol it had m, p, 107-—-109° alone or mixed with 2-methyl-1 : 4-naphthaquinone, 

3:6: 7-Tribromo-5 : 6: 7 : 8-letrahydro-2-methyl-1 : 4-naphthaquinone,-—3 : 6: 7-Tribromo 
5:6: 7: 8 teawahydro-2-methyl-1 : 4-naphthaquinol (3-5 g.) was shaken with ether (200 c,c.) and 
a solution of potassium dichromate (5 g.) and sulphuric acid (2 c.c.) in water (50 c.c.) till no further 
colour change took place. The yellow ether layer was washed free from acid with water, dried 
and evaporated. The yellow residue was recrystallized from toluene-alcohol, giving the 
compound as yellow prisms (2-7 g., 78%), m. p. 141-—-142° (Found, in material dried in vacuo at 
room temperature; C, 32-3; H, 2-4; Br, 57-2, C,,H,O,Br, requires C, 32-0; H, 2-2; Br, 
58-1% Ultraviolet max. at 275 my (¢ 12,900) in 95°, alcohol rhe same compound was 
prepared by the action of hot bromine in acetic acid on the quinol 


The authors thank Mr, W. E. Barber for skilled technical assistance with the synthesis of 
6-iodo-2-methyl-1 : 4-naphthaquinol bis(disodium phosphate) 
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362. Complex Fluorides, Part VI.* The Properties of Silver Salts of 
Fluoro-acids and their Interaction with Aromatic Hydrocarbons. 
By D. W. A. SHarp and A. G. SHARPE. 


Earlier work on the interaction of silver salts and aromatic hydrocarbons 
is reviewed briefly. Silver fluoroborate and hexafluoro-phosphate, -arsenate, 
-antimonate, -niobate, and -tantalate are soluble in benzene, toluene, and 
m-xylene, and many complexes have been prepared. Infrared absorption 
spectra and partial structure determinations have shown that the silver salts 
have ionic structures, The silver ion-aromatic hydrocarbon interaction 
energy is discussed, and it is suggested that the bonds formed must be of the 
same order of strength as ordinary covalent bonds. 


Tue remarkable solubility of silver perchlorate in benzene was first studied by Hill,"»* who 
showed that such substances form a complex, AgClO,,C,H,. Silver perchlorate and toluene 
form an analogous compound,’ Silver perchlorate is soluble in m-xylene,‘ silver trifluoro- 
acetate ° and trichloroacetate * in benzene, and silver fluoroborate monohydrate is readily 
soluble in benzene? and toluene; * with the preparation of anhydrous silver fluoroborate 
(from silver borate and bromine trifluoride) and the demonstration that it is soluble in 
benzene, toluene, and ether,’ the similarity between this substance and silver perchlorate is 
well established. The only other silver salts known to be soluble in aromatic hydrocarbons 
are the trifluoromethanesulphonate (in benzene) '® and heptafluorobutyrate.4! Complexes 
of the trifluoroacetate and the heptafluorobutyrate with benzene, toluene, the xylenes, and 
mesitylene have been characterised." 

Although freezing points,' dielectric properties,’ and conductivities ™ of solutions of 
silver perchlorate in benzene indicate that, at low concentrations, the substance is present 
as ion-pairs, the possibility of covalent-bond formation, especially at high concentrations, 
between an oxygen atom of the perchlorate ion and the silver ion cannot be eliminated 
Similar considerations apply to salts of carboxylic and sulphonic acids. The study of 
silver salts of complex fluoro-acids, however, is unlikely to be open to the same complic- 
ation: covalent-bond formation in them would involve either bivalent fluorine, or gross 
distortion (detectable by X-ray or spectroscopic methods) of the complex ion and bond 
formation between silver and the central atom of the anion. The instance of the fluoro- 
borate is particularly convincing : the hypothetical compound HBF, cannot be formulated 
without the use of bivalent fluorine or quinquevalent boron, and the failure of hydrogen 
fluoride and boron trifluoride to combine in equimolecular proportions is thus easily 
understandable.“ Compounds are formed between these substances only if a donor 
molecule (e.g., hydrogen fluoride, water, or ammonia) is available to co-ordinate with the 
proton. This paper describes the results of a survey of the structures and infrared spectra 
of silver salts of complex fluoro-acids, and their interaction with aromatic hydrocarbons. 
Further physicochemical studies will be described later 

Silver fluoroborate and hexafluoro-phosphate, -arsenate, 
tantalate are all soluble in benzene, toluene, and m-xylene, the solubilities being 


antimonate, -niobate, and 
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greatest in toluene and jeast in benzene The hexafluorophosphate, like silver trifluoro- 
acetate, is also soluble in mesitylene. (For a discussion of the effect of steric hindrance by 
methyl groups on silver ion-aromatic hydrocarbon interaction see ref. 11.) The complexe 

obtained when these solutions are evaporated in a stream of dry nitrogen at room temper 
ature are 


benzene toluene m-xylene mesit ylen¢ 
Oa 4 d 


AgAsl,.2B 2AgBF,3B AgAsF,2B AgBF,2B AgAsl,2B AgPF,,3B 


” 
AgSbl,.2B AgPF,2B AgSbF,2B AgPF,2B AgSbF,,2B 


Silver hexafluorovanadate and tetrafluoroaurate react with the solvents and no complexe 
can be isolated 

»ilver fluoroborate crystallises at room temperature in the orthorhombic system, with 
a= 7°15, b = BBA, ¢ 7:16 A, and is isomorphous with potassium, rubidium, and am 
monium fluoroborate, Silver hexafluorophosphate is isomorphous *® with a-potassium 
hexafluorophosphate,® silver hexafluoroarsenate with a group of sodium salts of general 
formula NaXF,,!° and silver hexafluoroantimonate with the corresponding potassium 
salt.7.2* Finally, silver hexafluoroniobate and hexafluorotantalate (which have the 
caesium chloride structure, with a = 9-93 A for both compounds) are isomorphous with 
the analogous potassium salts.1* 

Coté and Thompson found that below 1400 cm.~! the infrared spectra of ammonium 
potassium, and rubidium fluoroborate are identical ; ** in this region the spectrum of the 

ilver salt is the same as those of the other three salts. Furthermore, silver hexafluoro 
phosphate and hexafluoroarsenate have infrared spectra almost identical with those of the 
corresponding rubidium and casium compounds, The formulation of these silver salts as 
having purely ionic anion-cation bonding is thus further substantiated by their infrared 
spectra. 

Che interaction between the silver ion and unsaturated or aromatic hydrocarbons ha 
been considerably discussed, the latest account being by Mulliken,™ who derived theoreti 
cally the stereochemical configuration found in the silver perchlorate~benzene complex by 
Rundle and Goring.™ In this compound, each silver ion is so bonded to two benzene 
molecules that the angle made by the silver ion with the middle of the nearest carbon 
carbon bond and the centre of the aromatic ring is 100°; the shortest Ag—C distance is 
ca, 26A, Despite the magnitude of this distance, the silver ion-aromatic nucleus inter 
action energy should be fairly high in order to compensate for the work done in “ diluting ° 
the electrostatic lattice with uncharged molecules.’ This argument is valid, however, 
only if no covalent bond is formed between silver and anion; this cannot be established 
for silver perchlorate, but in the fluoroborate the reasons advanced above make any such 
bond formation extremely improbable. Complex formation between silver salts of fluoro 
acids and aromatic hydrocarbons therefore indicates the need for a moderate bond energy 
between the silver ion and the hydrocarbon molecule, 

A similar conclusion has been reached in a discussion of the closely related interaction 
of silver ion in aqueous solution and olefins. From the temperature dependence of the 
distribution of trimethylethylene and cyclohexene between carbon tetrachloride and aqueous 
silver nitrate, Winstein and Lucas * found the heat of the reaction Ag* (aq) +- B = AgB* (aq) 
(where 1 represents the olefin) to be about 6 kcal. As these authors pointed out, however, 

’ Cox, J., 1066, 876 
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Bode, tbid., 1951, 267, 62 
Bode and Voss, ibid., 1051. 264, 144 
Hraekken and Harang, Z. Krist., 1930, 75, 538 
’ Hermann and Ilge, idid., 1931, 75, 41 
' Coté and Thompson, Proc. Roy. Soc., 1051, A, 210, 217 
Mulliken, /. Amer. Chem, Soc., 1952, 74, 811 
Rundle and Goring, ibid., 1950, 72, 53837 
lildesley and Sharpe, Research, 1053, 6, S51. 
Winstein and Lucas, /. Amer. Chem. Soc., 1038, 60, 836 


(1956) Complex Fluorides. Part VI. 1857 
this value takes no account of the energy required for the partial displacement of water from 
the ion’s neighbourhood. The silver—olefin bond energy should thus be much greater than 6 
kcal. 

EXPERIMENTAI 

Preparations involving the use of bromine trifluoride and X-ray powder photographic in- 
vestigations were carried out as described previously.** All operations on the silver salts, which 
are very deliquescent, and on their complexes with aromatic hydrocarbons, which are decom- 
posed by moisture, were conducted with ‘‘ dry-box’’ techniques. Infrared spectra were meas- 
ured on Nujol or hexachlorobutadiene mulls, a Perkin-Elmer Model 21 Spectrometer with 
rock-salt optics being used. Complexes were prepared by dissolving silver salts in hot hydro- 
carbons, cooling the solutions in a stream of dry nitrogen, and removing the solvent on a porous 
tile. Reproducible results were thus obtained. 

Preparations.—-Silver fluoroborate was made as described previously * (Found; Ag, 54-8, 
Cale. for AgBF,: Ag, 55-3%). Complexes were analysed by boiling them with water to remove 
as much of the hydrocarbon as possible, followed by gravimetric determination of silver (Found, 
for the benzene complex: Ag, 34-7. 2AgBF,,3C,H, requires Ag, 34-5%. Found, for the toluene 
complex: Ag, 33-3. 2AgBF,,3C,H, requires Ag, 325%. Found, for the m-#ylene complex; 
Ag, 25-5. AgBF,,2C,H,, requires Ag, 26-5%). 

Silver hexafluorophosphate was obtained from silver powder, phosphoric oxide, and bromine 
trifluoride; this modification of Emeléus and Woolf's procedure ™ gave an almost white product 
(Found: Ag, 41-5. Calc. for AgPF,: Ag, 42-7%) (Found, for the benzene complex: Ag, 26-6. 
AgPF,,2C,H, requires Ag, 26-4%. Found, for the toluene complex: Ag, 25-4. AgPF,,2C,H, 
requires Ag, 24-7%. Found, for the mi-vylene complex: Ag, 23:3. AgPl,,2C,H,, requires 
Ag, 23-2%. Found, for the mesitylene complex: Ag, 18-6. AgPF,,3C,H,, requires Ag, 17-6%). 

Silver hexafluoroarsenate was obtained from silver, arsenious oxide, and bromine trifluoride * 
(Found; Ag, 35-9. Calc. for AgAsF,: Ag, 36-4%) (Found, for the benzene complex: Ag, 23-0. 
AgAsF,,2C,H, requires Ag, 23-8%. Found, for the toluene complex: Ag, 21-4. AgAsF,,2C,H, 
requires Ag, 22-4%. Found, for the m-vylene complex: Ag, 20-5. AgAsF,,2C,H,, requires 
Ag, 21-2%). 

rhe hexafluoroantimonate was prepared according to Woolf and Emeléus’s ™ directions 
(Found: Ag, 31-7. Calc. for AgSbF,: Ag, 31-4%) (Found, for the benzene complex: Ag, 20-9. 
AgSbF ,,2C,H, requires Ag, 21-6%. Found, for the toluene complex: Ag, 19-9. AgSbF,,2C,H, 
requires Ag, 20-4%. Found, for the m-sylene complex: Ag, 19-3. AgSbF,,2C,H,, requires 
Ag, 194%). 

Silver hexafluoro-niobate and -tantalate were prepared by Gutmann and Emeléus’s method ” 
(Found: Nb, 30-2. Calc. for AgNbF,: Nb, 29-6%. Found: Ta, 45-3. Calc. for AgTaF,: 
fa, 45-0%). These substances were soluble in benzene, toluene, and m-xylene, but on warming 
them with toluene and m-xylene decomposition occurred and no complexes were isolated 
(Found, for the benzene complex: Nb, 20-2. AgNbF,,2C,H, requires Nb, 19-8%. Found, for 
the benzene complex; Ta, 31-7. AgTaF,,2C,H, requires Ta, 32-4%) 

Silver hexafluorovanadate ™ and tetrafluoroaurate ®™ were made by methods described 
previously; both reacted with aromatic hydrocarbons, and no complexes were isolated, 

X-Ray Powder Photography.—Unit-cell dimensions have been given on p, 1856, The inter 
pretation of the powder pattern of silver fluoroborate was made possible by its similarity to 
those of potassium and ammonium fluoroborates, the structures of which were known,.™ ™ 

Infrared Absorption Spectra,—Silver fluoroborate shows absorption maxima at 769, 1026, 
1064, 1300, 1529, and 3509 cm.“, Since no data were available for hexafluorophosphates, the 
rubidium and caesium salts were prepared from alkali-metal halides, phosphoric oxide, and 
bromine trifluoride ; PF .~ was determined as the nitron salt (Mound: PF,~, 63-0. Cale.for RbPI, 
PF,~, 629%. Found: PF,”~, 50-6. Calc. for CsPF,: PF,~, 52:1%). Spectra recorded were 
AgPF,, broad peak at 830-—840 cm.", subsidiary peak at 740cm.+; KbPF,, broad peaks at 845, 
802 cm."!, subsidiary peak at 740-—720 cm.'; CsPF,, broad peaks at $43, 802 om."4, subsidiary 
peak at 740—-720 cm.*. 


26 Woolf and Emeléus, J., 1949, 2865; 1950, 1050 
‘7 Gutmann and Emeléus, /., 1960, 1046 

** Emeléus and Gutmann, /., 1949, 2979 

” Sharpe, J., 1949, 2901 

*” Hoard and Blair, /. Amer. Chem. Soc., 1935, §7 
‘t Pesce, Gazzetta, 1930, 60, 936 

* Sharpe, J., 1950, 3444; Cox and Sharpe, /., 19 
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Analogous preparations were made, for the same reason, in the hexafluoroarsenate series 
Found: As, 269, Cale. for RbAsF,: As, 27°3%. Found: As, 23-1. Cale. for CsAsF, 
As, 233%). Spectra recorded were: AgAsF,, broad peak at 695 cm.1; RbAsF,, broad peak 
at 700 cm.”, subsidiary peaks at 1205, 1064, 972, and 827 cm,'; CsAsF,, broad peak at 699 


cm.', subsidiary peaks at 1300, 1068, 970, and 823 cm.“ 


Grateful acknowledgment is made to Dr. N. Sheppard for discussions on infrared spectra, 
and to the Department of Scientific and Industrial Research for a Maintenance Grant (to 
D. W. A. §.). 
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363. Complex Fluorides, Part VII.* The Interaction of 
Ouprous Salts of Fluoro-acids and Aromatic Hydrocarbons. 


sy D. W. A. SHarp and A. G. SHARPE. 


Copper displaces silver from solutions of silver fluoroborate, fluorosul 
phonate, and hexafluoro-phosphate, -arsenate, -niobate, and -tantalate in 
toluene, forming the corresponding cuprous compounds, The implications 
of these observations are discussed, 


fue formation of complexes between cuprous salts and olefins is well established. Cuprous 
chloride forms addition products with ethylene, propene, and isobutene under pressure, 
but the products are unstable at ordinary temperature and pressure.;* Water-soluble 
complexes of cuprous ion and unsaturated alcohols or carboxylic acids have also been re 
ported.** It is only recently, however, that a cuprous salt has been shown to form a 
complex with an aromatic hydrocarbon. 

Warf ° obtained a solution containing cuprous fluoroborate in toluene by decomposition 
of a solution of an aryldiazonium fluoroborate in boiling toluene in the presence of copper 
powder, and also by the action of boron trifluoride on a mixture of equivalent quantities 
of copper powder and cupric fluoride suspended in toluene. Recent investigations ® of 
the interaction of silver salts of complex fluoro-acids and aromatic hydrocarbons suggested 
that solutions of the analogous cuprous complexes might be obtained by displacement of 
silver by copper, a method used to prepare a solution of cuprous nitrate in acetonitrile.” 

rhis method was applied to the preparation of solutions of cuprous fluoroborate, 
fluorosulphonate, and hexafluoro-phosphate, -arsenate, -niobate, and -tantalate in toluene 
lhe solutions are colourless, and the oxidation state of the copper in the fluoroborate has been 
established by the determination of the equivalent weight of the copper which goes into 
solution, and by the diamagnetism of the solution (all cupric compounds are paramagnetic). 
Dry solutions of all the cuprous compounds are stable indefinitely, but on addition of water 
disproportionation takes place, with the formation of metallic copper, toluene, and a 
hydrated cupric salt. Solid cuprous salts have not been obtained by evaporation of 
toluene solutions; when attempts were made to remove the solvent in a stream of dry 
nitrogen at room temperature or in vacuo, colourless solids were deposited, but these rapidly 
turned brown as disproportionation occurred, These observations are similar to Morgan's 7 
on the impossibility of isolating cuprous nitrate from solution in acetonitrile 


* Part VI, preceding paper 


' Tropsch and Mattox, /. Amer, Chem. Soc., 1935, 57, 1102 
* Gilliland, Seebold, Fitz-Hugh, and Morgan, ibid., 1939, 61, 1960 
Andrews and Keefer, ibid., 1948, 70, 3261; 1949, 71, 2379 
Keefer, Andrews, and Kepner, tbid., 1949, 71, 2381 
* Kepner and Andrews, /. Org. Chem., 1948, 18, 208 
Warf, /. Amer. Chem. Soc., 1952, 74, 3702 
Morgan, /., 1923, 2001 
up and Sharpe, preceding paper 
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It has been argued * that for a salt such as silver fluoroborate, covalent-bond formation 
between anion and cation is exceedingly unlikely, and a similar argument should apply to 
cuprous salts of complex fluoro-acids. The formation of a solvated silver or cuprous ion 
in toluene may be regarded as taking place in the following stages (M = Ag or Cu) ; 


Me) —> Mg -—> Me —> Moir) 


The first stage involves the absorption of the latent heat of sublimation of the metal, the 
second stage the absorption of energy equivalent to the first ionisation potential. Both 
quantities for copper (81-5 and 260-8 kcal., respectively) exceed those ® for silver (69-1 and 
245-3 kcal.). Owing to experimental difficulties, the heat of the displacement reaction has 
not been measured, but if we make the reasonable assumption that the reaction is thermo 
neutral or exothermic, and that the structures (and hence the entropies) of the solvated 
cations are not very different, the heat of solvation of the cuprous ion should be greater 
than that of the silver ion by at least 20 kcal./g.-ion 

This argument suggests a method of obtaining information about the nature of the 
aromatic hydrocarbon-metal ion interaction. If the bonding electrons are provided ex- 
clusively by the hydrocarbon, complex formation by cuprous salts should result in a much 
larger decrease in the aromatic C—C vibration frequency than complex formation by silver 
salts. If, on the other hand, the d-electrons of the metal ion are used, such a decrease 
might, but would not necessarily, occur. This should be shown by comparison of the 
Raman spectra of concentrated solutions of cuprous and silver fluoroborates in toluene. 


EXPERIMENTAI 


Silver salts were prepared as described in Part VI." Silver fluorosulphonate was obtained 
by Woolf's method ® (Found: Ag, 52-2. Calc. for AgSO,F: Ag, 521%); it was soluble in 
benzene, toluene, m-xylene, and mesitylene, The use of bromine trifluoride in the preparation 
ensured the dryness of the silver salts; toluene was dried over sodium; copper powder was 
dried at 130° and preserved over phosphoric oxide All additions of reagents and filtrations 
were carried out in a “‘ dry-box"’; sintered-glass filters were used since filter papers contain 
sufficient moisture to effect partial disproportionation of cuprous compounds in toluene, 

In a typical experiment, excess of copper powder, followed by toluene, was added to a 
known weight of silver fluoroborate in a glass tube. The whole was shaken for 2 days, after 
which no silver remained in the solution. The excess of copper was filtered off, and copper in 
the filtrate (found by the Gouy method to be diamagnetic) was determined iodometrically after 
oxidation to the cupric state [Found ; equiv. of dissolved Cu (Ag 108), 58-8. Cale, for Cut : 
63-5 No solid cuprous salts were obtained. 


Grateful acknowledgment is made to the Department of Scientific and Industrial Research 
or a Maintenance Grant (to D, W. A. S.). 
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364. The Chemistry of the Transition Elements. Part I. 
Dimeric Carbonyl Complexes of Platinum. 


By R. J. Irvine and E. A. Macnusson. 


Physical and chemical evidence for the assignment of the “ trans 
ymmetrical '’ structure of the compounds [Pt(CO)C],},, [Pt(CO)Br,},, and 
Pt(CO}I,], is presented, 

The reaction of neutral ligands with these compounds leads to derivatives 
of the types; (i) Pt(CO)Hal,L, where Hal = Cl, Br, or I, and L = a mono- 
dentate donor group; and (ii) [Pt(CO)HalLL}*{Pt(CO)Hal,}~, where LL = 
a bidentate donor group. 


Tue reaction between platinum, carbon monoxide, and chlorine was discovered by 
schutzenberger ! who isolated the compounds Pt(CO)Cl, , Pt(CO),Cl,, and Pt,(CO),Cl,. 
[his and later work on platinum carbonyl compounds has been summarized by Sidgwick.* 

For some time past the compound whose empirical formula is Pt(CO)Cl, has been 
assumed to be dimeric, and Chatt and Williams* have pointed to the similarity of proper 
ties of this compound and certain “ trans-symmetrical"’ platinum(1)~phosphorus tri- 
fluoride, (tertiary phosphine), and -(tertiary arsine) complexes. 

Of the three compounds, Pt(CO)CI,, Pt(CO)Br,, and Pt(CO)I,, the bromide is the only 
one suitable for molecular-weight determination and even this, owing to its instability and 
the fact that its saturated solution in benzene at 25° is only 0-035mM, gives rather unreliable 
result However, the value obtained (750 + 50) shows that the molecule is definitely 
dimeric rhe analogous physical and chemical properties of the compounds indicate that 
the chloride and iodide are also dimeric, the general formula being [Pt(CO)Hal,},. 

Metal carbonyls give rise to sharp absorption bands in the region 2000—2100 cm." 
of the infrared spectrum.* Absorption in this region has been shown to indicate terminal 
carbon monoxide ligands, while a bridging carbonyl group, as in iron enneacarbonyl, 
absorbs at about 1820 cm.-'. Absence of the latter frequency (see Table) shows that, in 
the dimeric platinum carbonyl halides, the carbonyl groups must be terminal. The 
structure must therefore be halogen-bridged 

Dilute benzene solutions of each of the metal carbonyl! halides exhibited no dielectric 

loss in the 10 cm. region, showing definitely that the compounds are 

ZZ“ non-polar and therefore have the annexed “ trans-symmetrical ” 

ci7 Noi7 rs o Structure. A full discussion of the chemical evidence for halogen- 
bridged structures has been given by Chatt.® 

Reaction of the bridged compound with two mols. of neutral monodentate ligand 

hould give the derivative Pt(CO)Hal,L * and with one mol. of neutral bidentate ligand the 
salt | Pt(CO)HalLL}* | Pt(CO)Hal,)~.* 


Infrared absorption peaks (cm.-') in the carbonyl region. 


O/C), 2152 (7) PyH*(Pt(CO)Cl.)~ ........-20000000. 2106 
O)Br,), ; 2130 (8) PyH*| Pt(CO)Br, 
O)l, . 2112 (9) PyH*[Pt(CO)I,}~ 
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| 
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Pp 
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t 

| 
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t 
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In this way the compounds Pt(CO)(MeAsPh,)Hal,, Pt(CO)toll, (tol = p-toluidine) and 
Pt(CO)dipyHal)}| Pt(CO)Hal,] were prepared. The last compound is analogous to that 
which Chatt reported to be formed by the action of dipyridy! on [Pt(PR,)Cl,],. Addition 


* Where L and LL indicate monodentate and bidentate ligands respectively 
' Schutzenberger, Compt. rend., 1870, 70, 1134, 1287; Bull. Soc. chim. France, 1870, 14, 97 
idgwick rhe Chemical Elements and Their Compounds,’ Oxford Univ. Press, London, 1950, 
Vol. 1, pp. 1627-8 
* Chatt and Williams, /., 1951, 3061 
* Brimm, Lynch, and Sesny, /. Amer. Chem. Soc., 1954, 76, 3831 
’> Chatt, / 1951, 652 
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to the bridged carbonyl of more than two mols. of ligand causes expulsion of carbon 
monoxide and formation of the compound PtL,Hal, 

This excess-ligand reaction does not take place with /-toluidine. Further, the p- 
toluidine compound is the most stable of all those prepared. This may be due to the weak 
trans-effect of p-toluidine; the CO group is thus not rendered labile and so replacement 
by p-toluidine is not possible. 

It should be noted that all the carbonyl compounds are unstable to heat and moisture. 
The stability of the p-toluidine compound is therefore only relative. 

The absorption maxima of 2102 and 2106 cm.-' tor compounds 4 and 7 of the Table are 
obviously due to C—O stretching frequencies of carbon monoxide in the identical anions. 
Similarly, the frequencies 2096 and 2072 cm.~! can be assigned to carbon monoxide in the 
anions of compounds 5 and 6. Additional evidence for the assignment of the carbonyl 
frequencies in compounds 1, 2, and 3 to terminal carbonyl groups is that the absorptions 
are in the same region as those due to the carbonyl groups in compounds 4-9 where they 
are certainly terminal. 

EXPERIMENTAI 

Dicarbonyldichloro-uy’-dichlorodiplatinum(i1).-This compound was obtained by methods 
similar to those employed by Mylius and Foerster. Dry chlorine and dry carbon monoxide 
were passed over finely divided platinum at about 250°. The yellow sublimate which was 
slowly formed was dissolved in concentrated hydrochloric acid, and the compound recovered by 
evaporation under reduced pressure. Alternatively the sublimate was heated at 200° in a 
stream of dry carbon dioxide, and the compound recrystallized from dry benzene. The yield is 
considerably better by the second method, but by using the first one may be sure that no 
dichlorodicarbonylplatinum(l) is present, The compound melts at 192° (Found; Cl, 24-2, 
Calc, for C,0,Cl, Pt, : Cl, 241%). 

Dicarbonyldibromo-uy’-dibromodiplatinum(i).-The yellow sublimate obtained by the 
action of carbon monoxide and chlorine on heated platinum was dissolved in the minimum 
quantity of hydrobromic acid and evaporated to dryness on the water-bath.* The bromide 
was recrystallized from dry benzene. The compound melts at 182° (Found: Pt, 50-6, Calc. 
for C,O,Br,Pt,: Pt, 50-9%). 

Dicarbonyldi-iodo-py’-di-iododiplatinum(i).—-This compound was prepared in the same way 
as the preceding one, with hydriodic acid in place of hydrobromic acid.* The iodide, recrystal- 
lized from dry benzene, decomposed between 135° and 140° (Found: I, 53-4; Pt, 40-6. Calc. 
for C,0,1,Pt,: I, 53-2; Pt, 40-9%). 

Methyldiphenylarsinecarbonyldichloroplatinum(ti).-Methyldiphenylarsine (0-72 g.) in 
carbon tetrachloride (50 ml.) was added to dicarbonyldichloro-yp’-dichlorodiplatinum(t) 
(0-87 g.) in benzene (100 ml,). The initial yellow solution became paler, Crystals of methyl 
diphenylarsinecarbonyldichloroplatinum(1) were obtained with some difficulty from the residue. 
The compound gives a non-conducting solution in nitrobenzene (Found: C, 340; H, 2-6; 
Pt, 33-8, Cale. for C,,H,,OAsCl,Pt;: C, 31-2; H, 2-4; Pt, 36-25%). The analytical figures 
indicate contamination with about 0-1 mole of the tertiary arsine per mole of the platinum 
complex, It proved impossible to purify the compound further without some reduction to 
metallic platinum. The carbonyl frequencies in the infrared spectra of several preparations 
of the compound were identical. 

Methyldiphenylarsinecarbonyldibromoplatinum(i1).-Methyldiphenylarsine (0-64 g.) in 
carbon tetrachloride (100 ml.) was added to dicarbonyldibromo-yy’-dibromodiplatinum(1) 
(1-00 g.) in a mixture of benzene (50 ml.) and carbon tetrachloride (100 ml.), The orange 
solution changed to yellow when warmed on the water-bath. Yellow needles of methyl 
diphenylarsinecarbonyldibromoplatinum(t1) slowly crystallized. The compound is non-conducting 
in nitrobenzene (Found; C, 26-8; H, 2-1; Pt, 31-2. C,,H,OAsBr,Pt requires C, 26-8; 
H, 21%; Pt, 31-1%). 

Methyldiphenylarsinecarbonyldi-iodoplatinum(11).—-Methyldiphenylarsine (0-26 g.) in benzene 
(50 ml.) was added to the dimeric iodide (0-54 g.) in benzene (100 ml.), On evaporation, the 
yellow solution became red and a red oil was obtained. This yielded brown crystals when kept 
in a dry sealed container in the refrigerator for several days, The compound gives a non 
conducting solution in nitrobenzene (Found: C, 229; H, 14; Pt, 27-1. C,y,H,OAsI,Pt 
requires C, 23-3; H, 1-8; Pt, 27-1%). 

* Mylius and Foerster, Ber., 1891, 24, 2424; Foerster, ihid., p. 3751 
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2: 2’- Dipyridylcarbonylchloroplatinum(u) Carbonyltrichloroplatinate(tt).—-2 ; 2’ - Dipyridyl 
(0-11 g.) in benzene (50 ml.) was added to the dimeric chloride (0-43 g.) in benzene (200 m1.). 
A yellow precipitate was formed immediately. This was washed several times with dry benzene 
The compound is itself sensitive to moisture, and is very often contaminated with decomposition 
products of the starting materials which are very difficult to remove. The conductivity of 
31-4 mhos in M/1090-nitrobenzene solution shows the existence of two ions in solution (Found :; 
Pt, 53-0. CyHG,N,C1LPt, requires Pt, 52-56%). 

2: 2’ - Dipyridyicarbonylbromoplatinum(it) Carbonyltribromoplatinate(t).—2 : 2’ - Dipyridy] 
(0-149 g.) in benzene (60 ml.) was added to the dimeric bromide (0-66 g.) in benzene (200 ml1.). 
A yellow precipitate, formed immediately, was filtered off and washed with benzene. The com- 
pound is unstable to moisture, The conductivity of 31-6r.0. in m/1000-nitrobenzene solution shows 
the existence of two ions in solution (Found: Pt, 42-0. C,,H,O,N,Br,Pt, requires Pt, 42-3%,). 

2: 2’ - Dipyridylcarbonyliodoplatinum(i1) Carbonyltri-todoplatinate(11),—-2 : 2’ - Dipyridy] 
(0-032 ¢.) in benzene (50 ml.) was added to the dimeric iodide (0-20 g.) in benzene (100 mL). A 
yellow precipitate of the compound was formed, It is much more stable than the chloro- and 
bromo-compounds and can be recrystallized from boiling acetone. The conductivity of 24-2 
mhos in M/1000-nitrobenzene solution shows the existence of two ions in solution (Found: C, 13-8; 
H, 0-8; N, 2-6; Pt, 346, Cale. forC,,H,O,N,I,Pt, : C, 12-0; H, 0-7; N, 2-5; Pt, 34-4%). 

Pyridinium carbonyltrichloroplatinate(t1),—-This compound was prepared according to the 
method of Mylius and Foerster* (Found : Pt, 46-8. Calc. for C,H,ONCI,Pt: Pt, 47-8%). The 
conductivity in M/1000-nitrobenzene solution was 32-4 r.o. 

Pyridinium carbonyltribromoplatinate(11).—Solid dicarbonyldibromo-uyu’-dibromodiplatinum(t) 
(0-3 g.) was added to a solution of pyridinium bromide (0-25 g.) in dilute hydrobromic acid. 
rhe solution was slowly evaporated to smaller bulk on the water-bath, filtered, and allowed to 
crystaliize. Yellow needles of pyridinium carbonyltribromoplatinate() were obtained and were 
recrystallized from dilute hydrobromic acid. The conductivity in m/1000-nitrobenzene solution 
was 31-6 mhos (Found: Pt, 36-95. C,H ,ONBr,Pt requires Pt, 36-9%,) 

Pyridinium carbonyltri-iodoplatinate(1).—-This compound was prepared as above, with 
pyridinium iodide in place of the bromide, Orange needles were formed on recrystallization 
from dilute hydriodic acid. The compound decomposes, on storage, to pyridinecarbonyldi 
iodoplatinum(), The conductivity in M/1000-nitrobenzene solution was 31-0 mhos (Found : 
Pt, 27-5, Cale. forC,H,ONI,Pt: Pt, 29-15%). 

p- Toluidinecarbonyldi-iodoplatinum(),—p-Toluidine (0-226 g.) in benzene (50 ml.) was 
added to dicarbonyldi-iodo-yy’-di-iodoplatinum(1) (1-00 g.) in benzene (40 ml.). The solution 
changed colour from red to yellow and, after evaporation, masses of yellow fibres gradually 
separated. The compound was diamagnetic and a non-conductor in nitrobenzene. It was 
stable in air for a long period and was only slowly decomposed by water (Found: Pt, 33-2; 
1, 43-55. C,H,ONI,Pt requires Pt, 33-4; 1, 43-45%). 

Volecular Weights.—Many attempts were made to obtain molecular weights by the usual 
methods applied to inorganic compounds, notably cryoscopic and ebullioscopic methods. Not 
even very approximate results were possible owing to the instability of the compound sat 
higher temperatures and the insolubility at low temperatures, The Rast method with camphene 
(m, p. 48°) seemed to be applicable, but, at the low concentration obtained, results were meaning 
le \ result was finally obtained by the “ isothermic microdistillation ’’ method of Niederl 
and his co-workers.’ In this method the capillary tubes, sealed at one end, are placed hori 
zontally, sealed in a larger tube, with the solution of known molar concentration opposing that 
of the unknown compound, Three tubes were prepared, the same compound being used in 
each case, 0-015m (on a molecular weight of 766-14 for the bromide), The reference compound 
(benzoic acid) was prepared in three tubes with concentrations, 0-01M, 0-Ol5m, and 0-02. 
Although it is possible to obtain a solution of the bromide of 0-035mM conc entration, it was 
necessary to use this weaker solution because of the tendency of the solution to decompose at 
the liquid-gas interfaces. The lengths of the solution in the tubes were then measured at 


intervals, They varied as follows 


Strength of known soln Original Final 
0-010M 33-1 mm 30-05 mm 
0O-Olim 25-0 mm 25-0 mm 
0-020M 33-5 mm 35-0 mm 


is estimated that this indicated a molecular weight for the compound of 750 


Niederl, Kasanof, Kisch, and Subba Rao, Mikrochemie, 1949, 94, 132 
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Infrared Spectra,Spectra were measured on a double-beam single-pass instrument designed 
and built in this School. Compounds were placed between rock-salt plates in paraffin mulls. 
A sodium chloride prism was used, and the instrument was calibrated with a Polystyrene film. 

Dielectric-loss Measurements,-The measurements were made on saturated benzene solutions 
of the three compounds by a method analogous to that described by Willis Jackson® in an 
apparatus made available by the University of Sydney. The Debye equation for dilute 
solutions of polar molecules is : * 


A tan 8 e+2 II Ng wt 
——— == Molar loss tangent a. ; wee 
" 8 f 6750 kl 1 + w*? 


It is apparent, from this equation, that the molar loss will be zero when p, the dipole moment, 
is zero. The measurements on the three compounds [Pt(CO)Hal,], thus clearly indicate the 
molecules to be non-polar, 


The authors thank Professor R. ]. W. Le Févre and Mr. Tardif for the dielectric-loss measure 
ments, Mr. B. M. K, Gatehouse for some of the infrared measurements, and Dr. E. Challen 
for the C, H, and N microanalyses. 
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365. The Morphine-Thebaine Growp of Alkaloids. Part VI.* 
The Condensation of Thebaine with Dienophils. 


By K. W. Bentiey and A. F. Tuomas. 


In a search for new analgesics the thebaine-p-benzoquinone adduct has 
been reduced to a dihydro-derivative, which is as active an analgesic in rats 
as pethidine. The thebaine~maleic anhydride adduct has been converted 
into the ester, and the latter reduced with lithium aluminium hydride to the 
corresponding diol, Condensation of thebaine with 1: 2- and 1; 4-naphtha- 
quinone has been studied. Attempts to prepare adducts of B-ethylthiocodide 
failed, 


THEBAINE (I), pharmaceutically valueless, can be converted by condensation with dieno- 
phils into substances having the basic structure of codeine methyl ether, ¢.g., thebaine-p 
benzoquinone (I1) and the thebaine~maleic anhydride adduct (III) (Sandermann; * 
Schépf, von Gottberg, and Petri*). These compounds and their derivatives have now 
been tested for analgesic properties and their behaviour towards hot acids has been 
studied in relation to the transformation of the thebaine-quinol adduct (IV) into flavo 
thebaone.* 

Catalytic reduction of the p-benzoquinone adduct (II) afforded the 5’ : 6’-dihydro 
derivative (V) whose structure was proved by failure of the product to undergo isomeris 
ation by acid to a quinol derivative analogous to the quinol adduct (IV) and by the infrared 
spectrum (p. 1865). Attempts to reduce the ethylenic bridge of the dihydro-compound 
(V) failed and examination of a model showed that this bridge is so screened by the other 
parts of the molecule that adsorption on a catalyst would be very difficult. Demethylation 
of the dihydro-compound (V) by concentrated hydriodic acid or pyridine hydrochloride has 
so far not yielded pure material. 

Only the keto-alcohol (VI) was obtained by reduction of the diketone (V) with sodium 


* Part V, J., 1956, 3262. 


1 Sandermann, Ber., 1938, 71, 648 
* SchOépf, von Gottberg, and Petri, Annalen, 1938, 636, 216 
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borohydride; even when an excess was used, reduction of the least hindered of the two 
carbonyl! groups is assumed. 

In agreement with the findings of Schépf, von Gottberg, and Petri ? we have been unable 
to hydrogenate either the maleic anhydride adduct (III) or the diethy! maleate adduct (VII; 


MeO 


(il) 


(iV) 4 (VI) 


K =» CO,Et) ; the latter was, however, reduced by lithium aluminium hydride to the but-2 
ene-l ; 4-diol “ adduct” (VII, R = CH,OH) (we are aware that this compound would 
very probably not be formed by the direct addition of but-2-ene-1 : 4-diol to thebaine, but 
the name used seems the most suitable in absence of fully systematic nomenclature). No 
rearrangement occurred when the maleic anhydride adduct was heated with concentrated 
hydrochloric acid or phosphoric acid, the product being the acid, which was identified by 
conversion into the ester (VII; R = CO,Et) 

\ diastereoisomer of the ester (VII; R = CO,Et), the fumarate adduct, was prepared 
by condensing thebaine with fumaryl chloride and esterifying the product, but the yields 
of ester obtained in different experiments varied enormously and the investigation was not 
pursued 

Condensation of thebaine with 1 ; 4-naphthaquinone was reported by Sandermann + to 
give a colourless substance; this condensation could not be repeated according to Sander- 
mann’'s direetions, but treatment of the reaction mixture with acetic acid resulted in the 


. ~ fe 
(Vib) OW (X1) 
XS Me 


subsequent isolation of what is very probably the quinol isomer (VIII) of the initial condens 
ation product. As in the thebaine-p-benzoquinone series* no methiodide could be 
prepared from the thebaine-1 : 4-naphthaquinone adduct, but 1 : 4-naphthaquinone and 


* Bentley, Robinson, and Wain, /., 1952, 958 


(1956) Lhe Morphine-Thebaine Group of Alkaloids. Part VI. 1865 


thebaine methiodide afforded a methiodide (orange, therefore presumably of the diketone 
form) which decomposed on recrystallisation, with regeneration of thebaine methiodide. 
Attempts under a variety of conditions to effect addition of thebaine to the less reactive 
1 : 2-naphthaquinone failed. 

It was therefore thought possible that 6-ethylthiocodide (IX), which also contains a 
cyclic diene system, might give an adduct with p-benzoquinone, but attempts to bring this 
about failed, probably because only one double bond is activated by the EtS group in 
8-ethylthiocodide (X) and not the whole diene system as in thebaine (XI). 

Pharmacological Testing —The thebaine-p-benzoquinone adduct (II), like thebaine 
itself, caused convulsions in mice and rabbits, delayed in onset and usually commencing no 
sooner than ten minutes after intravenous injection. In mice the intravenous LD,, was 
approximately 20 mg./kg. The adduct also exhibited antihistamine properties, concentra- 
tions of 10~* g./ml. almost eliminating the effect of histamine (5 x 10°? g./ml.) on guinea- 
pig ileum and 3 x 10°? g./ml. greatly reducing the response. 

Pharmacological examination of thebaine-quinol adduct was limited by the low solu- 
bility of the base and its salts. Given as a suspension, 200 mg./kg. intraperitoneally pro- 
duced no overt symptoms in mice. At a concentration of 10° g./ml. it decreased the 
motility of isolated ileum and greatly reduced the spasm caused by acetylcholine, histamine, 
or barium. 

The 5’ : 6’-dihydro-compound (V) is a powerful analgesic, its potency being a tenth to 
a fifth of that of morphine by subcutaneous injection in rats (of the same order as that of 
pethidine). Its LD, of 150 mg./kg. intravenously in mice is notably different from that 
of the unreduced compound (II). It showed no significant spasmolytic or antihistamine 
properties. 

The thebaine-but-2-ene-l : 4-diol “ adduct ’’ showed some analgesic effects in rats on 
subcutaneous injection of 25 mg./kg. The intravenous LD, was about 70 mg./kg., hyper: 
excitability and Straub tail being observed. In a rabbit it was mildly depressant on intra 
venous injection, and was slightly mydriatic at 25 mg./kg. intraperitoneally in mice. At 
a concentration of 10° g./ml. it reduced the response of guinea-pig ileum to histamine and 
barium, but not to acetylcholine. 


EXPERIMENTAL 

Thebaine—p-Benzoquinone (III) (Sandermann;' Schépf, von Gottberg, and Petri *),--It was 
more convenient to carry out this preparation in toluene in open vessels on the water-bath, 
than under reflux in benzene as previously reported. The product (98%) was obtained as 
lemon-yellow prisms, m, p. 268° (lit.,* 250°). 

5’ : 6’-Dihydro-adduct of Thebaine and p-Benzoquinone (V).--The thebaine-p-benzoquinone 
adduct (6 g.) in cold glacial acetic acid (35 ml.) containing platinum oxide (0-1 g.) was shaken 
under hydrogen at atmospheric pressure until 1 mol, of hydrogen had been absorbed (3265 ml. 
at N.T.P.). The mixture was filtered and diluted with water. On addition of ammonia white 
crystals were obtained. These were collected, washed with water, and recrystallised three 
times from 2-ethoxyethanol, the 5’ : 6’-dihydro-adduct being obtained as colourless elongated 
plates, m. p. 222° (decomp.), [a]?? — 246° (c 1-6 in CHCI,) (Found: C, 71-5, 71-3; H, 6-4, 65; 
N, 3-1, 3-5. CysH,,O,N requires C, 71-2; H, 65; N, 33%). The m. p. of this compound 
varied between 204° and 222° in different preparations, and also varied with the rate of heating. 
Preparations of differing m. p. did not depress each other's m. p., and their identity was con- 
firmed by their infrared absorption spectra. These showed carbony] absorption at 5-88 and 
5-93 u, proving the saturated ketone structure (1V) [the thebaine-p-benzoquinone adduct (I) 
shows carbonyl! bands at 5-96 and 6-06 y). 

The base is very sparingly soluble, except in chloroform and boiling 2-ethoxyethanol; its 
salts, however, are very soluble in hydrophilic solvents, and even to some extent in chloroform, 
An acid hydrochloride was obtained by the passage of dry hydrogen chloride through a suspension 
of the base in dry ether, It was récrystallised with difficulty from ethanol-ether (1 : 19), then 
having m. p. 224—227° (Found: C, 61-0; H, 6-0; Cl, 13-6, C,,H,,O,N,2HCI requires C, 60-8; 
H, 5-9; Cl, 146%). The picrate was obtained by adding alcoholic picric acid to an alcoholic 
solution of the hydrochloride, as elongated plates, m. p. 208-—-212° (from 1; 1 ethanol-2-ethoxy- 
ethanol) (Found: C, 67-2; H, 46; N, 86. C,,H,,O,,N, requires C, 67-2; H, 46; N, 86%). 
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The dioxime was obtained as colourless rhombohedra, m. p. 222°, from ethanol (Found: C, 
66-7; H, 62; N, 92. C,,H,,O,N, requires C, 66-6; H, 6-3; N, 9-3%). The p-nitro- and 
2: 4-dinitro-phenylhydrazone were amorphous. No other product of catalytic reduction of 
the thebaine-p-benzoquinone adduct could be isolated. 

Tetvahydvo-dervivative (V1) of the Thebaine~p-Benzoquinone Adduct.,—The 5’ : 6’-dihydro- 
compound (V) (6 g.), sodium borohydride (1 g.), and ethanol (50 ml.) were heated together 
under reflux until all the reactants dissolved, then for a further 90 min., and the mixture allowed 
to cool slowly to room temperature, whereafter the colourless crystals were collected and re- 
crystallised from ethanol. The tetrahydro-compound was thus obtained as needles, m, p. 335° 
(Found: C, 705; H, 69. Cy,HyO,N requires C, 70-8; H, 69%). The infrared spectrum of 
this base showed a strong OH band at 2-85 u and a strong band for saturated CO (at 5-88 4). 

Attempted Addition of cycloPentadiene to the Thebaine~p-Benzoquinone Adduct,—A solution 
of this adduct (2 g.) and cyclopentadiene (4 g.) in chloroform (15 ml.) was set aside for 7 days. 
The white crystals that separated were the thebaine—quinol adduct, white needles (from ethanol), 
m. p. and mixed m, p, 224° (decomp.) (Found ; C, 71-4; H, 6-0. Cale, forC,,H,,0O,N : C, 71-6; 
H, 60%) 

Thebaine-Diethyl Maleate Adduct (Schépf, von Gottberg, and Petri *).—It was found ad 
vantageous to heat the esterification mixture under reflux for 6 hr. instead of keeping it at room 
temperature for 6 days as recommended,* The ester was obtained as colourless prisms, m. p. 
150-5° (lit., 151°), from ethanol. 

Thebaine—But-2-ene-1 : 4-diol “ Adduct’’ (VIL; R = CH,*OH),-Powdered lithium alu 
minium hydride (0-86 g.) in dry ether (350 ml.) was heated under reflux for 2 hr. with vigorous 
stirring (mercury seal) and the ester adduct (20 g.) was extracted from the Soxhlet apparatus 
directly into the hydride solution, After continuous extraction for 5 hr. all the ester was re 
moved and the mixture was then stirred and heated under reflux for a further hour, then cooled 
and very cautiously added to 20% aqueous potassium hydroxide (500 ml.), The ether was 
removed and the aqueous layer extracted with chloroform (3 x 100 ml.). The combined ether 
ind chloroform solutions were dried and evaporated, leaving an oil that crystallised on tritur- 
ation with moist ether. The but-2-ene-1: 4-diol ‘' adduct"’ was collected and recrystallised 
from moist ether as colourless prisms, m. p. 108° (sintering at 98°), [a)!* —129° (¢ 1 in CHCI,) 
(Found: C, 65-8, 656-9; H, 7-4, 76; N, 3-3, 3-4; H,O, 43, 45. C,,H,O,N,H,O requires 
C, 66-2; H, 74; N, 33; H,O, 43%). The picrate was prepared in and recrystallised from 
ethanol, as yellow prisms, m. p. 216—-220° (decomp.) (Found: C, 55-4; H, 5-8; N, 8-1; loss 
at 160°, 6-8. CygHy,O0,.N,,C,H,°OH requires C, 55-3; H, 5-7; N, 8-3; C,H,°OH, 5-9%) 

Attempted catalytic reduction of the base over palladised charcoal afforded elongated plates, 
m, p. 119-—123°, that nevertheless were identified by analysis and by the infrared spectrum as 
unreduced base monohydrate, 

Thebaine-Diethyl Fumarate Adduct.—Thebaine (10 g.) and fumaryl chloride (5 g.) were 
varmed together in benzene (100 ml.), a deep violet colour developing Ethyl alcohol was 
finally added. Colourless prisms separated very slowly and were found to consist of the hydro 
chloride of a base, presumably the adduct as no colour was observed on dissolving the substance 
in concentrated hydrochloric acid. The yields were very erratic and the substance could not 
be obtained analytically pure. 

[he Thebaine-Naphthaquinol Adduct.—Thebaine (2 g.) and 1: 4-naphthaquinone (1 g.) 
were heated in ethanol (20 ml.) for 10 min. on the water-bath. Only a brown amorphous 
powder was obtained which could not be crystallised from ethanol or methanol (contrast Sander- 
mann'), The powder was heated with dilute acetic acid for 5 min., the solution cooled, and 
the reddish crystals were collected. On recrystallisation from ethanol the adduct was obtained 
as colourless needles, m, p. 224° (decomp.) (Found: C, 74-0; H, 60; N, 2-6. C,,H,,O,N 
requires C, 74:2; H, 5-8; N, 2-9%). 

Thebaine Methiodide—1 : 4-Naphthaquinone Adduct.—Thebaine methiodide (1 g.) and 1: 4 
naphthaquinone (0-4 g.) were warmed in chloroform (10 ml.), A red colour immediately 
developed and after 5 min. and rubbing with a glass rod produced pale orange crystals 
When washed with aqueous acetone and dried, this adduct formed pale orange prisms, m. p. 
193° (Found: C, 58-6; H,4-7; N,2-6; I, 21-0. C,,H,,O,N,Mel requires C, 58-9; H, 4-95; 
N, 2-3; I, 20-90%). Repeated recrystallisation from ethanol gave only thebaine methiodide, 
m, p, and mixed m. p, 224°, 

Attempted Rearrangement of the Thebaine-Maleic Anhydride Adduct.-The adduct (2 g.) was 
heated with concentrated hydrochloric acid (20 ml.) on the water-bath for 3hr. On evaporation 
an acid- and alkali-soluble brown glass was obtained. That this was the thebaine—maleic acid 
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‘ adduct '’ was confirmed by esterification, which gave the diethyl ester, m. p. and mixed m, p 
150°. The same result was obtained when the maleic anhydride adduct was heated with 
glacial phosphoric acid at 170° for 15 min. 

Attempted Addition of 1: 2-Naphthaquinone to Thebaine.—-Thebaine (2 g.) and the quinone 
(1 g.) were heated in nitrobenzene with a few crystals of quinol to prevent polymerisation 
rhe mixture darkened and on removal of the nitrobenzene only a tar was obtained, Reaction 
in toluene or chloroform gave a red solution from which only thebaine could be recovered, and 
in ethanol only an amorphous brown solid. This last, when warmed with dilute acetic acid 
and subsequently neutralised with ammonia, gave an amorphous green precipitate, 

Attempted Reaction of B-Ethylthiocodide with p-Benzoquinone.—-f-Ethylthiocodide (m. p, 143°) 
was heated, in separate experiments, in benzene, toluene, and chloroform with p-benzoquinone, 
to give in each case a red solution from which only tar could be recovered, Reaction with 
maleic anhydride gave a yellow solution from which only maleic acid was recovered, 


We thank Dr. F. B. Strauss and Mr. F. H, L. H. Hastings for the infrared measurements, 
and Dr. A. C. White and Mr. A. F, Green and the Wellcome Research Laboratories for the 
pharmacological tests reported above. 
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366. isoCyano-complexes of Rhodium.* Part J. 
T'etraisocyanorhodium(1) Salts. 


By L. MALATESTA and (Miss) L. VALLARINO. 


Ihe preparation of rhodium(!) ssocyanide complexes, [(R*NC),Rh)X 
(where k p-tolyl, p-chlorophenyl, or p-methoxyphenyl; X = chloride, 
perchlorate, or hexafluorophosphate), from hydrated rhodium trichloride and 
an excess of the isocyanide is described. All the compounds prepared are 
diamagnetic and give conducting solutions in nitrobenzene, These complexes 
form addition compounds of different colours with water, alcohols, and 
chloroform, 


isoCYANIDE complexes * of chromium !, molybdenum *, tungsten *, manganese‘, iron °, 
ruthenium °, cobalt 7, nickel 8, palladium *, copper, silver, and gold have been prepared 
in these laboratories and this study has now been extended to rhodium. Also stable 
isocyanide complexes of Co(1), in addition to those of Co(11) and Co(111), have been obtained 

In view of the analogy of complex-chemical behaviour between cobalt and rhodium, 
the existence of stable tsocyanide complexes of rhodium(!) could be predicted, Thess 
compounds have now been isolated. 

The best method of preparation consists in treating an alcoholic solution of a rhodium 
compound, in the lowest possible oxidation state, with an alcoholic solution of an 1so 
cyanide. The most convenient starting material is hydrated rhodium trichloride. The 
action of £-chlorophenyl tsocyanide on rhodium trichloride leads to the isolation of a stable, 


* isoCyanide is I1,.U.P.A.C. nomenclature (cf. /., 1952, 069, rule 38), though thes compounds have 
been termed itsonitriles in related papers 


' Malatesta, Gazzetta, 1052, 82, 516; Malatesta and Sacco, Aiti Accad. naz. Lincei, Rend. Classe 
Sci. fis. mat, nat., 1952, 8, (xii), 308 

* Malatesta, Sacco, and Gabaglio, Gazzetta, 1952, 82, 548 

* Malatesta and Sacco, Ann. Chim. (Italy), 1953, 43, 622 

* Sacco, Gazzetta, in the press; Sacco and Naldini, t/id., in the press 

* Malatesta, ibid., 1947, 77, 240; Malatesta, Sacco, and Padoa, Ann. Chim. (Italy), 1963, 48, 617; 
Malatesta and Sacco, Z. anorg, Chem., 1953, 274, 342; Malatesta, Gazzetia, 1963, 83, 058 

* Malatesta, Padoa, and Sonz, thid., 1955, 85, 1111 

? Malatesta and Sacco, Z. anorg. Chem., 1953, 273, 247; Malatesta, Gazzetta, 1953, 83, 958, 499, 
632; Malatesta and Sacco, Alti Accad. naz. Lincei, Rend asse Sei. fis. mat. nat. 1963, 8, (xv), 93; 
Sacco, thid,, Pp 82 

* Malatesta and Sacco, ibid., 1951, 6, (xi), 379 

* Malatesta, /., 1955, 3924 


4 Sacco, Gazzetta, in the press; Sacco and lreni, ibid., in the press 
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crystalline, violet [(p-Cl-C,H,°*NC),RhjCIl, which is diamagnetic and gives a conducting 
solution in nitrobenzene. The action of other isocyanides (phenyl, p-tolyl, and p-methoxy- 
phenyl!) on rhodium trichloride gives brown solutions which slowly become first green, and 
then violet, but do not give crystalline precipitates. Precipitation occurs on addition of 
anions such as perchlorate and hexafluorophosphate with formation of crystalline [(p- 
McO'C Hy NC) Rhi[PF,), [(p-MeO-C,H,NC),RhjCIO,, and [(p-Me-C,H,’NC) ,RhjCIO,, 
which behave analogously to [(p-Cl-C,H,-NC) ,RhjCL 

The above experiments confirm the formulation of these compounds as tetraisocyano- 
rhodium salts. 

Khodium(!)-dsocyanide complexes can also be obtained by treating (CO),Rh,Cl, with 
the stoicheiometric amount of isocyanide. They give crystals of different appearance, 
colour, and solubility, containing one molecule of solvent of crystallisation. The colour of 
these crystals varies greatly with the added molecule (see Table), but salts with different 
tsocyanides and different anions have similar colour when recrystallised from the same 
solvent. This can be taken to indicate that the solvent molecules are interacting within the 
co-ordination sphere, and the compounds are not clathrates, which, in turn, is an indication 
that the [(R«NC),Rh]}* ion is co-ordinatively unsaturated. 


Colour of products obtained from various solvents. 
Solvent 
Complex Benzene Methanol Ethanol Aq. methanol Chloroform 
p-MeO’C Hy NC), RhICIO, Green Orange Red t Violet 
[(p-MeO-C, Hy NC), RhjPF, Green Violet Red-violet Red Violet 
(p-MerC Hy NC), KhjCIO, Yellow Blue Violet Red Violet 
L(p-ChCH ye NC), RbjCl ° Light blue Violet 7 Violet 


* Too insoluble in benzene to be recrystallised. + Decomposed by this solvent. 


rhe fact that rhodium(1), unlike cobalt(1) and manganese(1), does not give a compound 

with an efiective atomic number corresponding to that of the next inert gas is not surprising. 

Khodium(!) is isoelectronic. with palladium(), and the latter gives almost exclusively 

tetraco-ordinated complexes with square planar configuration and dsp* hybridisation. 

The only well-established rhodium(1) complexes, (CO),Rh,X, 

co (X = Cl, Br, 1), have almost certainly the tetraco-ordinated 

structure shown in the inset. The formation of the x-type 

bonds between the filled 4d orbitals of the rhodium atom 

and the ~, orbitals on the carbon of the isocyanide molecule 

will enhance the electron affinity of the metal and facilitate the attachment of a suitable 

solvent molecule by the vacant 5p, orbital on the rhodium atom. This would explain 
the strong tendency of rhodium(!)-4socyanide complexes to form solvates. 


EXPERIMENTAL 

p-Methoxyphenyl, p-tolyl, and p-chlorophenyl isocyanides were prepared, purified, and 
analysed as described by Malatesta." The alcohol-soluble rhodium trichloride was prepared as 
follows : powdered metallic rhodiurn mixed with four parts, by weight, of sodium chloride was 
heated for 2 hr, at 600---700° in a stream of dry chlorine. The mass thus obtained was extracted 
with hot water, affording a red solution of Na,RhCl,. This was made faintly alkaline with 
sodium hydroxide, and the precipitate of gelatinous yellow-brown rhodium(m1) hydroxide was 
washed free from alkali and dissolved in hydrochloric acid. The solution was then taken to 
dryness. The red residue, consisting of RhCl,,#H,O and a small amount of Na,RhCl,, was 
dissolved in anhydrous ethanol, which dissolves only the former, This solution is stable in the 
cold for some time, but on long standing or warming it deposits metallic rhodium as a black 
px ywaer, 

letra-p-chlovophenylisocyanorhodium Chloride.—Excess of the isocyanide (5—6 mol, per atom 
of rhodium) was gradually added with gentle warming to an alcoholic solution of rhodium 
trichloride. A brown gelatinous precipitate was formed; this became first black and then 
brown, and on prolonged boiling with excess of isocyanide became crystalline and violet. This 


'! Malatesta, Gazsetia, 1947, 77, 238. 
'* Hieber and Lagally, Z. anorg. Chem., 1943, 251, 08 
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violet product is insoluble in ether, benzene, chloroform, and methylene chloride. It is 
moderately soluble in boiling anhydrous methanol, from which it separates on cooling in a different 
crystal form and blue colour, This blue product, which is moderately soluble in methylene 
chloride and chloroform, can be reconverted into the violet form by prolonged boiling with 
ethanol. Both products are diamagnetic and electrolytes in nitrobenzene solution, The blue 
solvate (from methanol) (Found: Rh, 14-2; Cl, 24-7; N, 80. C,,H,,.N,Cl,Rh,CH,O requires 
Rh, 14-3; Cl, 24-65; N, 80%) had m. p. 140° (decomp.), xy 50 x 10%, AL. = 28 ohm" cm." 
at 20° in nitrobenzene (these conditions apply to all later conductivity data), The violet salt 
(from ethanol) (Found: Rh, 14-6; Cl, 25-1; N, 8-25. C,,H, N,Cl,Rh requires Rh, 14-9; Cl, 
25-7; N, 83%) had m., p. 137° (decomp.), 7, = —35 x 10°, A, 29 ohm™ cm,?, 

Both products can also be obtained as follows: A solution of (CO),Rh,Cl, * in chloroform, 
cooled in ice-water, is treated with the stoicheiometric amount (or a slight excess) of isocyanide 
in chloroform solution. Carbon monoxide is evolved and the solution becomes violet, The 
solution is taken to dryness under reduced pressure, and the residue, when boiled in ethanol or 
methanol, affords products identical with the foregoing 

Tetra-p-tolylisocyanorhodium Perchlorate.—When rhodium trichloride and the isocyanide 
were treated as described above, a violet solution was obtained from which no crystalline product 
could be isolated, but on addition of alcoholic sodium perchlorate a crystalline violet product 
separated. This is extremely soluble in methylene chloride and chloroform, rather soluble in 
boiling methanol, and insoluble in all other solvents. A hot methanol solution deposits a 
crystalline blue product on cooling, but from methylene chloride, on addition of benzene or 
ethyl acetate, a pale-yellow salt is obtained. A red salt is obtained by adding a little water toa 
hot solution in anhydrous methanol, A chloroform solution on evaporating and cooling gives a 
red-violet product. The last two products change composition on drying. The yellow sali 
(from benzene or ethyl acetate) (Found; Kh, 15-5; Cl, 5-3; N, 85. Cygl..O,N,CiRh requires 
Rh, 15-35; Cl, 5-3; N, 83%), had m. p, 198° (decomp.), 7 50 x 10°%, A, 30 ohm" cm.’, 
The violet solvate (from ethanol) (Found: Kh, 145; Cl, 5-15; N, 8-0. CygH,,O,N,CIRb,C,H,O 
requires Rh, 14:3; Cl, 40; N, 78%), m. p. 207° (decomp.), x» 60 x 10%, A, = 
31 ohm cm.*, The blue solvate (from methanol) (found: Rh, 147; Cl, 5-3; WN, 8, 
C,,H,,0,N,CIRh,CH,O requires Rh, 14-6; Cl, 5-05; N, 8-0%) had m, p. 200° (decomp.), 75 

80 x 10°, AL. = 3lohm™*cm,*, The products obtained from chloroform and aqueous 
methanol alter their composition on drying in a vacuum desiccator 

Tetra-p-methoxyphenylisocyanorhodium perchlorate was prepared analogously to the p-tolyl 
derivative. The green salt (from benzene) (Found: Rh, 13-9; Cl, 4-75; N, 7-8. CyHyyO,N,CIRh 
requires Rh, 14-0; Cl, 4-8; N, 7-6%) had m. p. 180° (decomp.) and was diamagnetic; A,, = 30 
ohm,-!cm.*. The other products, red (from ethanol), orange (from methanol), and violet (from 
chloroform), on drying in vacuo gave a diamagnetic brown product (Found: Rh, 13-9; N, 7-6%). 

Tetra-p-methoxyphenyltsocyanorhodium hexafluorophosphate was obtained by reaction 
between rhodium trichloride and the isocyanide as described above and treating the violet 
solution thus obtained with ammonium hexafluorophosphate. A red precipitate was obtained 
which, on recrystallisation from various solvents, gave the following compounds: Brilliant 
green salt (from benzene) (Found: Rh, 13-0; P, 3-8; N, 7-4, Cy .H,,O,N,F,PRh requires Kh, 
13:2; P, 4-0; N, 7-2%), m. p. 230° (decomp.), xy 90 x 104, A, 28 ohm™'cm,*, Ked 
hydrate (from aqueous methanol) (Found: Rh, 13-0; P, 3-75; N, 7-0. CygH,gO,N,F,PR4,H,O 
requires Kh, 12-9; P, 3-9; N, 7-0%), m. p. 215° (decomp.), yy = — 70 x 10°*. Red-brown solvate 
(from methylene chloride and ethanol) (Found: Rh, 12-6; P, 40; N, 66; Cl, 0, 
C,,H,,O,N, FP Rb,C,H,O requires Rh, 12-4; P, 3-75; N, 68%), diamagnetic, Violet solvate 
(from chloroform) (Found: Rh, 11-6; P, 30; N, 62; Cl, 10-5, C,,H,,O,N,?,PRh,CHCI, 
requires Rh, 11-45; P, 3-4; N, 6-2; Cl, 10-7%), m. p. 237° (decomp.), 7 —~6O x 10°%, 

It was not possible to determine the molecular weight of any of these compounds because 
those solvents in which they are sufficiently soluble cause decomposition. 


The authors are greatly indebted to Dr. L. M. Venanzi for useful discussion, and to the 
Italian Research Council for a grant. 
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367. T'hiazoles derived from Chrysean and isoChrysean. 


By A. ApAms and R. SLACK 


A number of derivatives of 5-amino- and 5-chloro-thiazole-2-carboxyli 
acids have been prepared from chrysean (5-amino-2-thiocarbamoylthiazole). 
isoChrysean, an isomer isolated during the preparation of chrysean, has been 
identified as 5-amino-4-thiocarbamoylthiazole. 


CHRYSEAN was first prepared by Wallach ' from hydrogen sulphide and a saturated solution 
of potassium cyanide, Hellsing * showed that the same compound could be obtained by 
treating thioformamide with aqueous potassium cyanide and that it was probably 5-amino 
2-thiocarbamoylthiazole. More recently, Arnold and Scaife* have prepared 5-p-amino 
benzenesulphonamidothiazole from chrysean and the structure was finally confirmed by 
Erlenmeyer and his co-workers.‘ 

lthough the yield of chrysean is poor (15-20%), we have made numerous | kg. 
batches of crude product by passing hydrogen sulphide into ammoniated cyanide solution 
circulating through a packed tower. It has therefore been possible to prepare for biological 
examination a number of products—particularly carboxyhydrazides—derived from 
chrysean and to examine the chemistry of related thiazoles in some detail. The crude 
product melted at 204° but recrystallisation gave two isomers: one, m. p. 215—216°, 
which we consider to be the original chrysean; the other, which we have termed “ iso- 
chrysean,” m. p. 155° (cf. Ganapathi and Kulkarni 5). 

Chrysean is too fragile a molecule to permit normal degradation (cf. Arnold and Scaife *) 
and, although it is stabilised by acetylation or benzoylation, the acyl groups are resistant 
to subsequent hydrolysis. Protection of the amine group by conversion into a phthal 
imido-group which may be removed under mild, specific conditions has, however, proved 
advantageous. Chrysean ([; R = CS:NH,, R’ = NH,) with lead acetate gave 5-amino- 
2-cyanothiazole ([; R = CN, R’ = NH,), but treatment of this with phthalic anhydride 
gave 5-o-carboxybenzamido-2-cyanothiazole (II; R= CN). Alkaline hydrolysis led to 
5-o-carboxybenzamidothiazole-2-carboxylic acid (Il; R = CO,H) but attempts to convert 
this into the phthalimide by treatment with sulphuric acid were unsuccessful. Ring 
closure was effected with acetic acid but was accompanied by decarboxylation to 5-phthal 
imidothiazole (IIl; R «= H). Excellent yields of 2-cyano-5-phthalimidothiazole (III; 
Kk - CN) were, however, obtained from the amino-nitrile and phthalic anhydride in boiling 
acetic acid, Acid-catalysed alcoholyses of this were not successful, but treatment of the 
corresponding ethyl imidoate with water gave ethyl 5-phthalimidothiazole-2-carboxylate 


CO ——N 
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(111; R «= CO,Et). The protecting group was easily removed by treatment of the este: 
with hydrazine hydrate, the precise course of the reaction depending on the temperature 
and on the amount of hydrazine used. In boiling alcohol breakdown of the thiazole ring 
occurred, but the phthalimido-group was smoothly eliminated at room temperature 
Exe of hydrazine hydrate gave the expected 5-aminothiazole-2-carboxyhydrazid 
(I; R = CO"NH’NH,, R’ = NH,), but two mols. of hydrazine gave ethyl 5-aminothiazol: 

”-carboxylate (I; R CO,Et, R’ NH,) and the hydrazine salt of phthalhydrazide 


' Wallach, Ber., 1874, 7, 902 

* Hellsing, Ber., (a) 1899, 82, 1497; (b) 1900, $8, 1774; (c) 1903, 36, 3546 

* Arnold and Seaife, /., 1944, 103 

* Erlenmeyer, Mengisen, and Prijs, Helv. Chim. Acta, 1947, 90, 1865; Prijs, Mengisen, Fallab, and 
Erlenmeyer, ibid., 1952, 35, 187 

* Ganapathi and Kulkarni, Proc. Indian Acad. Sci., 1953, 38, A, 58 
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The primary elimination of the phthalimide moiety from a bifunctional molecule of this 
nature is particularly interesting. With one mol. of hydrazine a mixture of the amino- 
ester and unchanged ethyl 5-phthalimidothiazole-2-carboxylate was produced. 

Hellsing * has prepared methyl 5-acetamidothiazole-2-carboxylate, m. p. 178°, from 
the silver salt of the corresponding acid. Repetition of this method gave only traces of 
product, but both the methyl (m. p. 216—217°) and the ethyl ester have now been prepared 
in good yields by hydrolysis of the methyl and the ethyl imidoate from 5-acetamido-2- 
cyanothiazole. Treatment of either ester with hydrazine hydrate gave 5-acetamido- 
thiazole-2-carboxyhydrazide. 

We also wished to examine the behaviour of the 5-amino-group towards diazotisation. 
Arnold and Scaife reported that attempts to diazotise chrysean and 5-amino-2-cyano- 
thiazole in the normal way gave highly coloured tars but they were able to diazotise the 
former by treating its solution in pyridine with nitrosy! chloride, and the latter by adding 
its aqueous solution to sodium nitrite and an excess of hydrochloric acid at 0°. We have 
confirmed these results but the dark red by-products which are obtained indicate that the 
diazonium compound couples with undiazotised material, even under acid conditions. 
The use of anhydrous conditions prevented self-coupling and 5-chloro-2-cyanothiazole 
(I; R = CN, R’ = Ch), together with varying amounts of 5-chlorothiazole-2-carboxyamide 
(I; R = COsNH,, R’ = Cl), was conveniently obtained from the amino-nitrile. The 
mixture from the Sandmeyer reaction was converted directly into 5-chlorothiazole-2- 
carboxylic acid (I; R = CO,H, R’ = Cl) since both amide and nitrile were smoothly 
hydrolysed under alkaline conditions. The amide was also obtained from the nitrile by 
treatment with alcohol and dry hydrogen chloride, followed by hydrolysis. The 
acid, with diazomethane, gave methyl 5-chlorothiazole-2-carboxylate (1; R = CO,Me, 
R’ = Cl), which with hydrazine hydrate gave 5-chlorothiazole-2-carboxyhydrazide 
(I; KR = CONH’NH,, R’ = (Cl). 5-Chloro-2-cyanothiazole reacted spontaneously 
with hydrazine hydrate to form 5-chlorothiazole-2-carboxyamidrazone [I; R 
C(.NH)*NH*NHg, R’ = Cl). 

Thus, the reactivity of the 2-cyano-group is remarkably high (cf. 2-cyanothiazole 
—+ thiazole-2-carboxyamidrazone, Libman and Slack*) but we were none the less 
puzzled by the reported one-stage preparation of 5-p-aminobenzenesulphonamidothiazole 
(IV; R =H, R’ = NH,), m. p. 185° (decomp.), from the corresponding acetamido-nitrile * 
(IV; R CN, R’ NHAc), a reaction which involves deacetylation, hydrolysis of the 
nitrile, and decarboxylation. In our opinion, the product of hydrolysis of both 5-p-acet- 
amidobenzenesulphonamido-2-thiocarbamoylthiazole (IV; R CS’NH,, R’ AcNH) 

and the nitrile is the carboxylic acid (IV; R = CO,H, R’ = NH,). 

N_ This acid, which is decarboxylated under a variety of conditions 

por’ anual (including recrystallisation), melts instantaneously in a bath at 

150—-160°, resolidifies, and remelts at ca. 190°. The monosodium 

(IV) salt (pH of 10% aqueous solution, 5—5-5) has also been prepared 

and the related 5-p-aminobenzenesulphonamido-2-thiocarbamoy]- 

thiazole (IV; R = CS*'NH,, R’ = NH,) was made by reduction of the corresponding 

nitro-compound. For comparison with 5-p-aminobenzenesulphonamidothiazole-2-carb- 

oxylic acid (IV; R =CO,H, R’ = NH,), the analogous 4-carboxylic acid was prepared 
from ethyl 5-aminothiazole-4-carboxylate.’ 

We have also devoted particular attention to the elucidation of the structure of 
‘ ssochrysean,”’ C,H,N,S, (see p. 1870), which was isolated in almost 10% yield from crude 
chrysean by recrystallisation from dilute acetic acid and was purified by chromatography. 
It formed almost colourless needles, m. p. 155° ; Ganapathi and Kulkarni ® have also isolated 
an isomer, m. p. 146—146-5°, and maintain that it and chrysean yield the same acetyl 
derivative, softening at 214°, m. p. 236—237°, and that both give 5-acetamidothiazole on 
degradation. They conclude that chrysean exists in two stereoisomeric forms. In our 
hands, acetylation of chrysean with acetyl chloride in pyridine gave 5-acetamido-2-thio- 
carbamoylthiazole, m. p. 250°, and this yielded the same degradation products as were 


* Libman and Slack, J., 1956, in the press 
? Cook, Heilbron, and Levy, J., 1947, 1604 
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obtained by other workers. Acetylation of isochrysean, however, gave a monoacety] 
derivative, CgH,ON,S,, m. p. 208—210°, which indicated the presence of an amino-group 
but distinguished tsochrysean from chrysean. The acetyl compound with lead acetate 
gave lead sulphide and a nitrile, CJH,ON,S, m. p. 202—-204°. isoChrysean was therefore 
an amino-thiocarbamoylthiazole and has now been identified as 56-amino-4-thiocarbamoy]- 
thiazole, a postition isomer of chrysean, by the following reactions. Acetylisochrysean with 
warm dilute sodium hydroxide solution gave a weakly acidic yellow product, C,H,N,S,, 
formed by the loss of the elements of water. This elimination strongly suggested that the 
amino- and the thiocarbamoyl-group were adjacent and that the product was a thiazolo 
pyrimidine (VI or VII) derived from [V; (a) R = CS*NH,, R’ = NHAc, or (6) vice versa) 
cl. the formation of wit 4-quinazolone (VIII) from o-acetamidobenzamide *}. 
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Now 5-aminothiazole-4-carboxyamide (V ; R = CO-NHy,, Rk’ = NH,) has been prepared 
by Cook, Heilbron, and Smith * and this, with acetyl chloride, gave a monoacetyl derivative, 
m, p. 212-—213° (V; R == CO*NH,, R’ = NHAc). The acetamidocyanothiazole from 
isochrysean, with hydrogen peroxide in dilute alkali, was smoothly converted into the same 
compound (identical m. p., mixed m. p., and ultraviolet spectra), and the parent thioamide, 
therefore, is represented by (V; R = CS:NH,, R’ = NH,). Some other derivatives of 
tsochrysean have also been studied. Thus, with ane anhydride, awe gp 
amido-4-thiocarbamoylthiazole (V; Re==CS:NH,, R’ = NH-CO-C,H,CO,H-o) was 
obtained and this was converted into the 4-nitrile by treatment with lead salts and alkali. 


rhe nitrile gave the corresponding amide on alkaline hydrolysis and the cyano-phthal 
imidothiazole [V; R = CN, R’ = C,H,(CO),N] with acetic anhydride. 


EXPERIMENTAL 

Chrysean (I; R = CS*NH,, R’ = NH,) and isoChrysean (V; R = CS*NH,, R’ = NH,) 
A solution of sodium cyanide (265 kg.) in water (57 1.) and aqueous ammonia (d 0-88; 11.) was 
circulated through a tower (consisting of a 6’ « 6” “ Pyrex ”’ pipeline packed with 1” Raschig 
rings) and was treated with hydrogen sulphide (15—-16 kg.) during 6 hr. The product was 
washed with water and dried at 100° (1312 g.; m. p. 201—204°), Crystallisation from water 
(25 1.) and acetic acid (3°15 1.) (charcoal, 100 g.) gave chrysean (920 g.; m. p. 210—-212°; m. p, 
215-—216° after further crystallisation from Nn-acetic acid), The mother-liquor was treated with 
ammonia (to pH 6), concentrated to 6-3 1, under reduced pressure, and the mixture of crude 
isochrysean and ammonium acetate collected and washed with water, Crystallisation of the 
residue from ethanol gave isochrysean (20-7 g.; m. p. 131—-150°). The aqueous filtrate (6-3 1.) 
was continuously extracted with ether for two days. Evaporation of the ether gave an acetic 
acid solution which was diluted with three times its bulk of water, and was cooled overnight 
at 0 Filtration gave a second crop of isochrysean (86-5 g.; m. p. 131—-160°), The filtrate 
was adjusted to pH 7 by the addition of ammonia solution and was set aside overnight at 0°, 
to give isochrysean (20-2 g.; m. p, 136—160°), Crude isochrysean (50 g.) in acetone (250 c.c.) 
was adsorbed on a column of activated alumina (1600 g.) prepared in chloroform suspension in 3” 
‘ Pyrex" pipeline. The product was eluted with chloroform, fractions of 600 c.c. being collected 
and evaporated to dryness. Fractions 1—11 (35 g.), recrystallised from ethanol, gave iso 
chrysean in pale yellow needles (26 g.), m. p. 150-——155°. Further recrystallisation gave iso 
chrysean (5-amino-4-thiocarbamoylthiazole) in almost colourless needies, m. p. 155° (Found : 
C, 30-8; H, 3-6; N, 26-6; S, 40-2. C,H,N,S, requires C, 30-2; H, 3-2; N, 26-4; S, 40-3%). 

5-A cetamido-2-thiocarbamoylthiazole.—A solution of chrysean (1-0 g.) in pyridine (4 ¢.c.) was 
treated at 06° with acetyl chloride (0-55 g.) to give 5-acetamido-2-thiocarbamoylthiazole 

* Tomisek and Christensen, ], Amer. Chem. Soc., 1948, 70, 2423 

* Cook, Heilbron, and Smith, /., 1049, 1440, 
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(0-8 g.) as yellow needles, m. p. 250° (decomp.), from 2n-acetic acid (Found : C, 36-0; H, 4-0; 
N, 21-1; S, 31-9. Cale. for C,H,ON,S,: C, 35-8; H, 3-5; N, 20-0; S, 31-90%), 

5-Benzamido-2-cyanothiazole was obtained from 5-amino-2-cyanothiazole (Arnold and Scaife *) 
and benzoyl chloride in pyridine at 5°. Dissolution in dilute ammonia solution (charcoal), 
reprecipitation, and crystallisation from ethanol gave the nitrile as colourless needles, m. p. 
211-——-212° (Found: N, 18-4; S, 14-4. C,,H,ON,S requires N, 18-3; S, 140%). 

5-Benzamidothiazole-2-carboxylic Acid.--A solution of 5-benzamido-2-cyanothiazole (1-0 g.) 
in 20%, aqueous sodium hydroxide (20 c.c.) was boiled under reflux for 3 hr. Acidification of 
the cold solution gave 5-benzamidothiazole-2-carborylic acid (0-4 g.) which was dissolved in 
N-aqueous ammonia (charcoal) and reprecipitated by acidification, then having m. p. 159° 
(Found: N, 11-4; S, 12-8. C,,H,O,N,S requires N, 11-3; S, 12-09%). 

5-0-Carboxybenzamido-2-cyanothiazole (II; R = CN).—Chlorobenzene was slowly distilled 
from a mixture of 5-amino-2-cyanothiazole (1 g.), phthalic anhydride (1-4 g.), and chlorobenzene 
(20 c.c.), fresh solvent being added to keep the volume constant. After 1 hr., the product was 
collected, washed with chlorobenzene, and dried at 100° (1-45 ¢.). 5-0-Carboxybenzamido-2- 
cyanothiazole crystallised from methanol in pale yellow needles, m. p. 253°, or at 210° (decomp.) 
when placed into a pre-heated bath (Found: N, 15-1; S, 12-0. C,,H,O,N,S requires N, 15-4; 
S, 11-7%). 

5-0-Carboxybenzamidothiazole-2-carbozylic Acid (Il; R = CO,H).—5-o-Carboxybenzamido- 
2-cyanothiazole (1 g.) was boiled with 2n-sodium hydroxide (10 ¢.c.) for lL hr. Acidification of 
the cold, filtered solution gave the crude acid (0-9 g.) which, purified by dissolution in dilute 
ammonia (charcoal) and precipitation with dilute aqueous hydrochloric acid, had m. p. 154° 
(decomp.) (Found: C, 49-3; H, 2-2; N, 9-6; S, 11-65. C,,H,O,N,S requires C, 49-3; H, 2-8; 
N, 9-6; S, 11-0%). 

5-Phthalimidothiazole (III; R = H).—6-o-Carboxybenzamidothiazole-2-carboxylic acid 
(1-0 g.) was boiled with acetic acid (15 c.c.) for Lhr, The cooled solution deposited pale yellow 
needles (0-15 g.; m. p. 147—148°), and treatment of the filtrate with water gave further material 
(0-35 g., m. p. 141—143°), Recrystallisation from aqueous acetic acid gave 6-phthalimido 
thiazole, m. p. 147° (Found: N, 12-35; S, 14-2. Calc. for C,,H,O,N,S: N, 12-2; S, 13-90%). 

2-Cyano-6-phthalimidothiazole (I1i; R = CN).—5-Amino-2-cyanothiazole (10 g.) and 
powdered phthalic anhydride (16-5 g.) were heated under refiux in acetic acid (150 c.c.) for 6 hr. 
The 2-cyano-5-phthalimidothiazole (18-4 g.) which separated was recrystallised from acetic acid 
to give orange needles, m. p. 266—256° (Found: N, 16-1; S, 126. C©,,H,O,N,5 requires 
N, 16-5; S, 12-6%). 

Ethyl 5-Phthalimidothiazole-2-carboxylate ({11; KR = CO,Et).—-A stirred suspension of 2 
cyano-5-phthalimidothiazole (50-0 g.) in dry chloroform (825 c.c.) and dry ethanol (20 g.) was 
saturated at 0—5° with dry hydrogen chloride. The stoppered flask was kept at 0° for 5 days. 
The mixture was filtered, and the residue was heated on the steam-bath with water (21.) for 
Ihr. The flocculent product (49-1 g.), crystallised from light petroleum (b. p, 80--100°, 24 1.) 
(residue of substantially unchanged nitrile, 14-8 g.), gave pale yellow needles (28-4 g.), m. p. 
162—-165°. Alternate recrystallisation from light petroleum (b. p. 80-—100°) and ethanol gave 
ethyl 5-phthalimidothiazole-2-carboxylate as pale yellow needles, m. p. 171° (Found: C, 55-7; 
H, 3-6; N, 9-3; S, 10-3. C©,,H,,0O,N,S requires C, 55-6; H, 3-3; N, 3; S, 106%). Concen- 
tration of the chloroform—alcohol filtrate gave unchanged 2-cyano-5-phthalimidothiazole (1-2 g.), 

5- Aminothiazole-2-carboxyhydraride (1; R = CO*NH*NH,, R’ « NH,).—-The yellow 
solution formed by stirring hydrazine hydrate (100°%,; 90 c.c.) into a suspension of ethyl 
5-phthalimidothiazole-2-carboxylate (58 g.) in ethanol (850 c.c.) was filtered and set aside 
overnight. The matted needles were collected and washed with a little ethanol. The filtrate 
and washings, concentrated to small bulk under reduced pressure at room temperature, gave 
yellow prisms [6-0 g.; m. p. 181—183° (decomp.)}]. The needles (63-5 g.; m. p. 180-—> 360°) 
were dissolved in 2n-sodium hydroxide. Acidification of this solution gave phthalhydrazide 
(31-4 g.; m. p. 340—342°). The filtrate, made neutral with ammonia, deposited more crude 
amino-hydrazide [12-3 g.; m. p. 183—184° (decomp.)}, and concentration of the mother-liquor 
under reduced pressure gave a further amount [1-7 g.; m. p. 181-—-182° (decomp.)], The 
combined solids (20-0 g.) were recrystallised from water and then from ethanol, to give the 
hydrazide, m. p. 190° (decomp.) (Found : C, 30-4; H, 3-8; N, 34-6; 5, 20-4. C,H,ON,S requires 
C, 30-4; H, 3-8; N, 35-4; S, 203%). 

Ethyl 6-Aminothiazole-2-carboxylate (1; R == CO,Et, R’ « NH,).--The solution formed by 
stirring hydrazine hydrate (100%; 3-53 g., 2 mol.) into a suspension of ethyl 5-phthalimido 
thiazole-2-carboxylate (10-65 g.;'1 mol.) inethano] (160c.c.) was filtered immediately. The filtrate, 
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from which yellow needles quickly separated, was set aside overnight. The solid was collected, 
and washed with a little ethanol, The filtrate and washings, evaporated to dryness under 
reduced pressure at room temperature, gave the crude ester as a yellow crystalline powder 
(4-0g.; m. p. 117-118’), The needles (5-7 g.; m. p. > 250°) were stirred with 2n-hydrochloric 
acid, phthalhydrazide (4-7 g.; m. p. 336-338’) was collected, and the filtrate was neutralised 
with ammonia and evaporated under reduced pressure to give a further small amount of crude 
ester (0-05 g.), The combined solids, recrystallised from water, gave ethyl 5-aminothiazole-2- 
carboxylate as cream-coloured needles, m. p, 118° (Found: C, 42-0; H, 48; N, 16-45; S, 19-0. 
C,H,O,N,5 requires C, 41-85; H, 4-7; N, 16-3; S, 18-6%). 

n-Butyl 5-Phthalimidothiazole-2-carboxylate (II1; R = CO,Bu").—Prepared in 84% yield 
in the same manner as ethyl 5-phthalimidothiazole-2-carboxylate, the n-butyl ester crystallised 
(alternately from light petroleum and ethanol) as pale yellow needles, m, p. 167-—-169° (Found : 
C, 568-2; H,44; N, 84; 5,965. C,,H,,O,N,S requires C, 58-2; H, 4-3; N, 85; S, 97%). 

n-Butyl 5-Aminothiazole-2-carboxylate (1; R = CO,Bu", R’ = NH,).—Prepared in 69%, 
yield (cf, prep, of ethyl 5-aminothiazole-2-carboxylate), n-butyl 5-aminothiazole-2-carboxylate 
crystallised from 2n-acetic acid as fawn prisms, m. p. 81-—-82° (Found: C, 48-25; H, 6-0; 
N, 14-0; S, 16-4, C,gHyyO,N,S requires C, 48-0; H, 6-0; N, 14-0; S, 16-0%). 

Ethyl 6-Acetamidothiazole-2-carboxylate.—A suspension of 5-acetamido-2-cyanothiazole ” 
(10 g.) in dry chloroform (90 c.c.) and dry ethanol (30 c.c.) was saturated, at 0-—5°, with dry 
hydrogen chloride, The stoppered flask was kept at 0° for two days, and the solid was collected 
and warmed with water (300 c.c.) for 15 min. The mixture was cooled and the residue (10-3 g.) 
crystallised from water, to give ethyl 5-acetamidothiazole-2-carboxylate as colourless needles, 
m, p. 191-—-192° (Found: N, 13-1. Calc. for CgH,,O,N,S: N, 13-1%). 

Methyl] 5-acetamidothiazole-2-carboxylate (82 %), m. p. 216-—-217°, was prepared as above 
(Found; C, 42-5; H, 40; N, 14-0; S, 16-4. Calc, for C,H,O,N,S: C, 42-0; H, 4-0; N, 14-0; 
5, 16-0%). Hellsing * gave m, p. 178° (decomp.), 

5-A cetamidothiazole-2-carboxyhydvrazide,—A mixture of hydrazine hydrate (100%; 2 c.c.), 
ethyl 5-acetamidothiazole-2-carboxylate (2 g.), and ethanol (25 c.c.) was heated at 100° for 
15 min. and set aside overnight. The product (1-6 g.) recrystallised from ethanol to give 
cream-coloured §-acetamidothiazole-2-carboxyhydrazide, m. p. 286° (decomp.) (Found: C, 36-25; 
H, 4:3; N, 28-05; S, 16-35. C,H,O,N,S requires C, 36-0; H, 4-0; N, 28-0; S, 160%). The 
hydrazide was also prepared similarly from the methyl ester, 

5-Chloro-2-cyanothiazole (1; R «CN, R’ = Cl),—Freshly precipitated cuprous chloride 
(from 300 g. of CuSO,,5H,O) was dissolved in water (500 c.c.) and concentrated hydrochlori 
acid (375 ¢.c.). Dry, powdered sodium nitrite (9-4 g.) was added slowly, with stirring, to 
sulphuric acid (d 1-84; 63c.c.), and the mixture was stirred at 65° until dissolution was complete. 
ro this solution, at 0°, was added dropwise, with stirring, a cold solution of 5-amino-2-cyano 
thiazole (15-7 g.) in acetic acid (188 c.c.), The red syrup was stirred into a mixture of crushed 
ice (1500 g.), concentrated hydrochloric acid (180 c.c.), and cuprous chloride solution (210 c.c.), 
prepared as described above, After 16 hr., the brown copper complex was collected, washed 
with water, and dried at 100° (17-35 g.). Sublimation at 140-——210°/0-1 mm. gave crude 
5-chloro-2-cyanothiazole (5-75 g.). Resublimation at 60-—-100°/0-1 mm. gave colourless prisms 
(4-7 g.; m. p. 44—48°) and a pale yellow sublimate of the corresponding amide (0-2 g.; m. p 
175--180°) when the temp. was raised to 200°, Crystallisation of the low-melting product 
from light petroleum (b. p. 60---80°) gave 5-chloro-2-cyanothiazole as colourless prisms, m, p. 50 
(Found: N, 193; Cl, 244. C,HN,CIS requires N, 19-4; Cl, 24.5%). The crude amide, from 
ethanol, gave colourless needles, m,. p. and mixed m, p. 189-191". 

5-Chlovothiazole-2-carboxyamide (1; R = CO*NH,, R’ Cl).—A solution of 5-chloro-2 
cyanothiazole (2-0 g.) in dry chloroform (20 c.c.) and dry ethanol (1-5 c.c,) at 0-—-6°, saturated 
with dry hydrogen chloride, was set aside at 0° for 4 days, The colourless solid was warmed 
on the steam-bath with n-hydrochloric acid, triturated with aqueous sodium hydrogen carbonate, 
washed with water, and dried (0-47 g.; m. p. 190-—-193°), The chloroform filtrate, evaporated 
to dryness, gave a colourless residue which was treated in the same way (1-25 g.; m. p. 
190-—193°). Recrystallisation from ethanol gave 5-chlorothiazole-2-carboxyamide in colourless 
needles, m, p. 193° (Found: N, 17:35. C,H,ON,CIS requires N, 17-2%), The amide was 
converted by boiling 2n-sodium hydroxide into 5-chlorothiazole-2-carboxylic acid, 

5-Chlorothiazole-2-carboxylic Acid (1; R =CO,H, R’ = Cl).—5-Chloro-2-cyanothiazole 
(4°25 g.) was treated for 1 hr. with boiling 2n-sodium hydroxide (40 c.c,), The crude product, 
which separated on cooling, was dissolved in hot water (30 c.c.) and reprecipitated with hydro- 
chloric acid to give the acid (3-2 g.), m. p. 109° (decomp.). Acidification of the original alkaline 
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filtrate gave less pure material, m. p. 105° (decomp.) (0-95 g.). A sample, purified by repeated 
dissolution in 2n-sodium hydroxide (charcoal) and reprecipitation with 2n-hydrochloric acid, 
formed colourless needles, m. p. 11]1—112° (decomp.) (Found: N, 85. C,gH,O,NCIS requires 
N, 86%). 

Methy! 5-chlorothiazole-2-carboxylate (I; R =< CO,Me, R’ = Cl) was prepared from 5-chloro 
thiazole-2-carboxylic acid (62-7 g.) and diazomethane (prepared from 150 g. of N-nitroso 
methylurea) in dry ether (1600 c.c.) atO0—5°. The ester (46-6¢.), b. p. 76--80°/0-1 mm., solidified, 
and crystallisation from light petroleum (b. p. 40—60°) gave colourless needles, m. p. 53° (Found : 
N, 8-0. C,H,O,NCIS requires N, 7-9%). 

5-Chlorothiazole-2-carboxyhydrazide (1; R = CO-NH*NH,, R’ = Cl).—Hydrazine hydrate 
(100%; 40 c.c.) in ethanol (250 c.c.) at 0°, and methyl 5-chlorothiazole-2-carboxylate (40-4 g.) 
in ethanol (250 c.c.), gave the crude hydrazide (37-9 g.). Recrystallisation from ethanol gave 
colourless needles, m. p. 197° (Found: N, 23-8; Cl, 20-2. C,H,ON,CIS requires N, 23-8; 
Cl, 20-1%). 

5-Chlorothiazole-2-carboxyamidrazone (1; R = C(;3NH)*NH*NH,, R’ = Cl).—A mixture of 
5-chloro-2-cyanothiazole (1-0 g.) and hydrazine hydrate (100% ; 2 .c.) gave, after 2 hr. at room 
temp., 5-chlorothiazole-2-carboxyamidrazone (1:12 g.) which crystallised from ethanol as pale 
yellow needles, m, p. 148° (decomp.), resolidifying and re-melting at ca, 220° (Found; N, 31-25. 
C,H,N,CIS requires N, 31-7%). 

(With Mrs. J. A. Murpny.) 5-p-Aminobenzenesulphonamidothiazole-2-carboxylic Acid 
(IV; R CO,H; RR’ NH,).—5 - p - Acetamidobenzenesulphonamido - 2 - thiocarbamoyl 
thiazole (45 g.) (Arnold and Scaife *) and 2n-sodium hydroxide were boiled under reflux for 
1} hr. The cooled solution was treated with ice and then acidified with 2N-hydrochloric acid 
topH 1. The precipitate (27 g.) was dissolved in N-ammonia and stirred with charcoal during 
shr. The filtered solution was adjusted to pH 1 by the addition of concentrated hydrochloric 
acid (no precipitation occurred at higher pH values) and the pale yellow solid was collected 
and dried, Dissolution in ethanol and addition of light petroleum (b. p. 60—80°) gave the 
product as an oil, which solidified, to give 5-p-aminobenzenesu!phonamidothiazole-2-carboxylic 
acid as a yellowish-white solid, m. p. 189° (decomp.),* decarboxylated at 124° if plunged into 
a bath from 110°. The acid was also decarboxylated in boiling water (Found: N, 1425; 
S, 22:1. Cy H,O,N,S, requires N, 14:0; S, 214%). The acid (24-0 g.), in cold dry methanol 
(240 c.c.), with sodium (1-84 g.) in dry methanol (120 c.c.) gave the yellow, crystalline mono- 
sodium salt monomethanol solvate (22-5 g.), decomp. by 200°, Precipitation was completed by 
the addition of a little dry ether, The salt was purified by solution in cold methanol 
and reprecipitation by the addition of dry ether (Found N, 11-6; S, 184; Na, 6-15. 
Cy9HgO,N,S,Na,CH,yOH requires N, 11-9; S, 181; Na, 65%. Loss in vacuo at 100° could 
not be determined accurately since dried material gained rapidly in wt. during weighing), 

(With Mrs, J. A, Murpny.) 5-p-Aminobenzenesulphonamido-2-thiocarbamoylthiazol 
5-p-Nitrobenzenesulphonamido-2-thiocarbamoylthiazole (10 g.) (Arnold and Seaife*) in 
N-ammonia (100 c.c.) was added with stirring to a boiling solution of ferrous sulphate (60 g.) 
in water (150 c.c.). The solution was made alkaline by the addition of aqueous ammonia 
(d 0-88), the mixture was boiled tur 5 min., and again made alkaline. The solution was filtered 
(Hyflo), and the filtrate acidified to pH 4—5 with 2n-hydrochloric acid, The sulphonamide 
(8-5 g.) was dissolved in N-ammonia (100 c.c.) (charcoal) and reprecipitated (5 g.) by adjusting 
the pH to 4 with 2n-hydrochloric acid. Further purification was effected by dissolution in 
ethanol, and precipitation with light petroleum (b. p. 60--80°), and finally by recrystallisation 
from acetic acid, to give 5-p-aminobenzenesul phonamido-2-thiocarbamoylthiazole as golden needles, 
m. p. 219--220° (Found: C, 383; H, 3-4; N, 17-7; S, 30:3. Cyl gO N45, requires C, 38-1; 
H, 3:2; N, 17-8; S, 30-56%). 

5-Acetamido-4-thiocarbamoylthiazole (V; kh CS'NH,, k NHA¢s isoChrysean (6-0 g.) 
in dry pyridine (24 c.c.) was treated at 0—5° with acety] chloride (3-7 g.}. After 1 hr. at room 
temperature, the mixture was stirred into water (250 c.c.) and kept overnight. The yellow 
5-acetamido-4-thiocarbamoylthiazole (6-3 g.) crystallised from 2n-acetic acid as pale yellow needles, 
m, p. 208—210° (Found; C, 35-9; H, 3-6; N, 20-9 32-1 C,H ON,S, requires C, 35-8; 
H, 3-5; N, 20-9; S, 31-9%). 

h-Acetamido-4-cyanothiazole (V: R CN, ‘ NHA«s Vethod 1. 6-Acetamido-4 
thiocarbamoylthiazole (2-2 g.), lead acetate (4-2 g.), and water (20 c.c.) were boiled under reflux 
for } hr rhe hot solution was filtered and the black residue was extracted with boiling n-aceti 


* This is the m. p. of the decarboxylated product with whic! is no depression on slow heating 
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acid (30c.c.), This extract was added to the filtrate. The product separated in yellow needles 
(0-8 g.). Recrystallisation from wn-acetic acid gave 5-acetamido-4-cyanothiazole in almost 
colourless needles, m, p, 202° (Found: C, 43-4; H, 3-2; N, 25-8. C,H,ON,S requires C, 43-1; 
iT, 3-0; N, 261%). 

Method \1. A concentrated aqueous solution of lead nitrate (3-3 g.) was treated with 10%, 
aqueous sodium hydroxide until the precipitate redissolved, 5-Acetamido-4-thiocarbamoy]l- 
thiazole (2-0 g.) was added, and the mixture was shaken overnight. Lead sulphide was removed 
and the filtrate slowly acidified (pH 4; critical) with 2n-hydrochloric acid, and set aside over- 
night, The solid (1-4 g.) on crystallisation from 2n-acetic acid (charcoal) gave faintly pink 
needles, m. p. 202-204", not depressed on admixture with 5-acetamido-4-cyanothiazole. 

1 : 6- Dihydvo-2-methyl -6-thiothiazolo(4’ : 5’-5: 4)pyrimidine (V1),--5-Acetamido-4-thio- 
carbamoylthiazole (1-0 g.) was treated with boiling 2n-sodium hydroxide (10 c.c.) for 90 min. 
The solution was treated at 0° with 2n-hydrochloric acid, to give the bright yellow anhydro- 
derivative. This (0-66 g.) was purified by dissolution in 2n-sodium hydroxide (charcoal), 
followed by reprecipitation with aqueous hydrochloric acid, 1 : 6-Dihydro-2-methyl-6-thio- 
thiazolo(4’ : 5'-6: 4)pyrimidine was obtained as a yellow powder, m. p. 266°, soluble in aqueous 
sodium hydrogen carbonate, but not in dilute acid (Found: C, 39-7; H, 2-8; N, 22-8; S, 35-8. 
C,H,N,5, requires C, 39-3; H, 2-75; N, 22-9; S, 35-0%). 

5-Acetamidothiazole-4-carboxyamide (V; R= CO*NH,, R‘’ = NHAc).—Method I. A 
suspension of 6-acetamido-4-cyanothiazole (1 g.) in acetone (10 c.c.) was treated with 20% 
aqueous hydrogen peroxide (25 c.c,) and 2n-sodium carbonate (3c.c.). The mixture was warmed 
on the steam-bath for 45 min., with the addition of further acetone as required to prevent the 
precipitation of the solid, and of aqueous hydrogen peroxide (20%; 1 c.c.) after 25 
min. The colourless crystalline amide (0-8 g.) was collected after 16 hr. at room tem- 
perature. Crystallisation from water gave colourless needles, m. p. 212—-213°. The m. p, 
was not depressed on admixture with an authentic sample and their light absorptions in methanol 
were identical [Ay a, 282 my (log ¢ 4:15); Ay, 235 mp (log ¢ 3-60); Aig, 260 my (log € 3-93)) 
(Found : C, 38-65; H, 3-05; N, 22-56; S, 17-5. C,H,O,N,S requires C, 38-9; H, 3-8; N, 22-7; 
S, 17-38%). 

Method II. A solution of 5-aminothiazole-4-carboxyamide (2-0 g.) (Cook et al.®) in dry 
pyridine (20 c.c.) was treated, at 0-——5°, with acetyl chloride (1-5 y.), After 2 hr., water (150 
c.c.) was added, and the solution was filtered from a little impurity and treated with concen- 
trated hydrochloric acid to pH 6—7. The mixture was set aside for 2 hr., during which the 
product crystallised in almost colourless needles (1-9 g.). Recrystallisation from water gave 
the amide as colourless needles, m, p. 212-—-213°. The m, p. was not depressed on admixture 
with the specimen prepared from isochrysean, and their light absorptions in methanol were 
identical, 

5-0-Carboxybenszamido-4-thiocarbamoylthiazole.—isoChrysean (10 g.), powdered phthalic 
anhydride (12-5 g.), and acetic acid (150 c.c.) were boiled under reflux for 2 hr., then kept 
overnight, The product (17-6 g.), crystallised from acetic acid, gave 5-0-carboxybenzamido-4- 
thiocarbamoylthiazole as pale yellow needles, m. p. 243-—244° (Found: C, 46-2; H, 3-1; N, 13-9, 
C,H, O,N,5, requires C, 46-9; H, 2:05; N, 13-7%). 

5-0-Carboxybensamido-4-cyanothiazole.—A concentrated aqueous solution of lead nitrate 
(2-65 g.) was treated with 2n-sodium hydroxide until the precipitate redissolved. 5-0-Carboxy- 
benzamido-4-thiocarbamoylthiazole (2-2 g.) was added, and the mixture was shaken overnight, 
rhe solution was filtered from lead sulphide and acidified with 2n-nitric acid. The product 
(1-8 g.) was purified by repeated dissolution in 2n-sodium hydroxide and reprecipitation with 
2n-nitric acid, to give 5-0-carboxybenzamido-4-cyanothiazole as a white powder, m. p. 224° 
(decomp.) (Found: C, 52-7; H, 28; N, 16-4; S, 12-0, C,,H,O,N,S requires C, 52-7; H, 2-6; 
N, 15-4; S, 11-7%). The use of a lead carbonate suspension instead of lead nitrate gave the 
nitrile in 96% yield. 

5 - 0 - Carboxybensamidothiasole - 4 -carboxyamide,——5 -o-Carboxybenzamido-4-cyanothiazole 
(7-9 g.) was boiled under reflux with 2n-sodium hydroxide (79 c.c.) for 2hr. The cooled solution 
was filtered and acidified with 2n-hydrochloric acid to give the phthalamic acid (5-85. g.) which 
was purified by repeated dissolution in 2n-sodium hydroxide followed by reprecipitation with 
2n-hydrochloric acid to give a white powder, m. p. 203° (decomp.), resolidifying to yellow 
rhombohedra, m. p. 345-—350° (Found: C, 40-5; H, 3-1; N, 146; S, 1125. C,,H,O,N,S 
requires C, 49-5; H, 3-1; N, 14-4; 5S, 11-0%). 

4-Cyano-5-phthalimidothiazole.-A mixture of 5-0-carboxybenzamido-4-cyanothiazole 
(11-0 g.) and acetic anhydride (50 c.c.) was boiled under reflux for 2 hr. The solution was 
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filtered (charcoal) and cooled, to give colourless prisms (6-45 g.) of the phthalimide, which were 
finally washed with acetic anhydride. Recrystallisation from acetic anhydride gave 4-cyano-5- 
phthalimidothiazole, m. p. 196° (Found: C, 56-7; H, 2-2; N, 16-2. C,,H,O,N,S requires 
C, 56-5; H, 2-0; N, 165%). 

5-p-A minobenzenesulphonamidothiasole-4-carboxylic Acid.—A solution of ethyl 5-amino 
thiazole-4-carboxylate (50-5 g.) (Cook e¢ al.’) in dry pyridine (505 c.c.) was treated at 0°, with 
stirring, with p-acetamidobenzenesulphony! chloride (79 g.). The solution was set aside for 
4 days, and was then poured on ice (2 kg.) and sufficient concentrated hydrochloric acid to 
keep the mixture acid. The product was hydrolysed by boiling with 2n-sodium hydroxide 
(11) for 2 hr. The boiling solution was filtered (charcoal), cooled, and again filtered. Treat- 
ment with concentrated hydrochloric acid (ice-cooling) gave a sticky product (41-3 g.) which 
eventually crystallised. After being washed with very dilute hydrochloric acid and drying at 
40° (41-3 g.), this was repeatedly dissolved in diiute ammonia (charcoal) and reprecipitated 
with dilute hydrochloric acid at 0°, to give 5-p-aminobenzenesulphonamidothiazole-4-carboxylu 
acid in almost colourless needles, m. p. 184° (decomp.) on slow heating, but immediate decomp. 
in a bath at 160° (Found: C, 38-95; H, 3-2; N, 13-6; S, 21-1; loss in wt. at 100°, 3-2, 
Cy9H,O,N,5,,4H,O requires C, 38-9; H, 3-3; N, 13-6; S, 20-8; H,O, 20%). 
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368. Purines, Pyrimidines, and Glyoxalines. Part 11.* New 
Syntheses of Some Pyrimidine Nucleosides, 


By R. K. Ratrn and G. Suaw. 


N-Cyanoacetyl-N-methylurethane (IV) has been prepared and converted 

into «-cyano-§-ethoxy-N-ethoxycarbony!-N-methylacrylamide (I; RK = Me), 

The latter compound with ammonia gave 5-cyano-3-methyluracil. Reaction 

of either of the ethoxy-acrylamides (I; R = H and Me) with a number of 

p-glycosylamines in water or alcohol gave the 5-cyano-1-p-glycopyranosyl- 

uracils (IIL; R = H, R’ = p-ribo-, p-xylo-, p-galacto-, p-gluco-, and 2-deoxy- 

p-gluco-pyranosyl) and the 3-methyl derivatives (III; R Me, KR’ = p- 

ribo-, D-xylo-, D-galacto- and p-gluco-pyranosyl) respectively. 
Ir was recorded in Part I* that reaction of «-cyano-f-ethoxy-N-ethoxycarbonylacry! 
amide (1; R =H) with ammonia or with primary amines yields the 1-alkyl(aryl-)-5- 
cyanouracils (III; R =H, R’ =H, alkyl, or aryl). In these reactions, initially the 
linear amino-compounds (II; R =H) are formed and were separately isolated in the 
examples (II; R == H, R’ = Ph and Ph:NH). 


EtO-CH:C(CN)-CO-NR-CO, Et 
(1) NC’CH,-CO-NMe-CO,£t 
(Iv) 
R/‘NH-CH:C(CN)-CO-NR’CO, Et 
(Hl) 


The present work was undertaken in an attempt to widen the scope of these reactions 
to include the synthesis of 5-cyanouracils with substituents in position 3 (II1; R’ = H) 
and jointly in positions 1 and 3, and at the same time to extend the reactions to include 
the synthesis of 5-cyano-l-glycosyluracils related to the naturally occurring pyrimidine 


nucleosides. 
* Part I, /., 1966, 1834. 


OR 


1878 Ralph and Shaw : 


Reaction of N-methylurethane with a mixture of cyanoacetic acid and acetic anhydride 
gave a readily separable mixture of N-acetyl- and N-cyanoacetyl-N-methylurethane (IV). 
Che latter product reacted smoothly with ethyl orthoformate and acetic anhydride, to give 
an excellent yield of the ethoxy-compound (I; R = Me); the reaction of this with aqueous 
ammonia gave the pyrimidine (III; R = Me, R’ = H). 

rhe preparation of 1-p-glycosyluracils by this method required p-glycosylamines 
(1-amino-1-deoxy-sugars or tautomers thereof) as intermediates, and, in particular, for the 

ynthesis of uridine derivatives, 1-p-ribofuranosylamine. The literature records several 
p-glycosylamines including p-ribosylamine,! p-xylosylamine,* p-glucosylamine,’ and 
p-galactosylamine,* generally prepared by reaction of the sugar with dry methanolic 
ammonia at room temperature for times varying from a few days for ribose, xylose, and 
galactose to about a month for glucose; in addition Muskat* claimed the preparation of 
»)-glucosylamine by dissolving glucose in liquid ammonia, but this reaction was unsuccessful 
in the hands of Wayne and Adkins.® 

Reaction of p-ribosylamine with (1; R = H) in aqueous or ethanolic solution * at room 
temperature or with gentle warming gave a solution which failed to give a precipitate 
with basic lead acetate; however, when the mildly alkaline solution was warmed for a 
ort time and then cooled, an insoluble lead salt appeared. This behaviour suggests the 
formation of a linear compound (II; R « H, R’ = p-ribosyl) and subsequent cyclisation 

to a pyrimidine nucleoside. The lead salt was suspended in ethanol and decomposed 
hydrogen sulphide, to give eventually a 40% yield of 5-cyano-1-p-ribopyranosy! 
uracil (IIL; R =H, R’ = 1-p-ribopyranosyl). The pyranose nature of the compound 
vas indicated by titration with sodium metaperiodate and the presence of a pyrimidin« 
ring was shown by ultraviolet-absorption measurements. The specific rotation of the 
compound suggests that it is the @-form. Similarly the nucleosides (III; R H, R’ l 
lo-, D-galacto-, D-gluco-, and 2-deoxy-2-p-gluco-pyranosyl) were prepared from tly 

ter (I; R H) and the corresponding amino-sugar. 
Keaction of the glycosylamines with the ester (1; R = Me) proceeded readily in aqueou 
ethanolic solution at room temperature, or with warming, to give directly, good 
ields of the nucleosides (111; R Me, R’ l1-p-ribo-, D-xylo-, D-galacto-, and D-gluco 
ranosy]) 
EXPERIMENTAL 
\bsorption max, and [a], were measured in H,O. 
rhe p-glycosylamines were prepared by saturating a methanolic solution or suspension of 
yar with dry ammonia gas and allowing the solution so obtained to stand, Crystalline 
jaterial was filtered off and used directly. 
N-Cyanoacetyl-N-methylurethane,—-A mixture of cyanoacetic acid (43 g.), N-methylurethane 
and acetic anhydride (102 g.) was heated on a water-bath for 3 hr., to give a reddish 
brown solution, which was cooled and added to water (21 The precipitated oil was extracted 
with ether (2 200 ml.), and the extract washed with water and aqueous sodium hydrogen 
carbonate until free from acid The dried extract was evaporated to an oil (45 g.) which was 
distilled in vacuo, to give N-acetyl-N-methylurethane (20 g.), b. p. 81-—83°/21 mm. (Found 
19-0; H, 7-76; N, 98. Calc. for C,H,,O,N: C, 49-65; H, 7-65; N, 965%), and N-cyano 
tyl-N-methylurethane (22-9 g.), b. p. 133°/1 mm, (Found: C, 49-05; H, 6-85; N, 16-55 
ON, requires C, 49-4; H, 5-95; N, 16-45%). The latter (0-26 g.) in ethanol (5 ml 
taining aniline (2-3 drops) was boiled for 30 min., cooled, and treated with water to preci 
cyanoacetanilide (0-1 g.), m. p. and mixed m, p. 198° 
x Cyano-B-ethoxy-N -ethoxycarbonyl-N -methylacrylamide A mixture of N-cyanoacetyl-N 
methylurethane (13 g.), ethyl orthoformate (13 g.), and acetic anhydride (25 ml.) was boiled 
inder reflux for 1 hr,, to give a pale brown solution which was distilled in vacuo to afford «-cyan 
vy-N-ethoxycarbonyl-N-methylacrylamide (14:3 g.), b. p. 160°/1 mm. (Found: C, 53:1 
b55; N, 12-05, CygHy,O,N, requires C, 53-1; H, 6-25; N, 123%) 


pit 
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Levene and La Forge, J. Biol. Chem., 1915, 20, 440 

Lobry de Bruyn and van Leent, Rec. Trav. chim., 1895, 14, 145 

' Irvine, Thomson, and Garrett, /., 1913, 108, 239; Levene, /. / m., 1916, 24, 60. 
* Muskat, /. Amer. Chem. Soc., 1934, §6, 603 

Wayne and Adkins, tbid., 1940, 62, 3314 
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5-Cyano-3-methyluracil.—The foregoing acrylamide (0-63 g.) was shaken with aqueous 
ammonia (10 ml.; 3%), a clear solution being soon obtained. This was acidified with hydro- 
chloric acid, cooled and set aside. The precipitated 5-cyano-3-methyluraci (0-25 g.) crystallised 
from water as needles, m. p. 223° (Found: C, 47-8; H, 3-2; N, 27-65. C,H,O,N, requires 
C, 47:7; H, 3-35; N, 27-8%). 
5-Cyano-3-methyl-1-p-xylopyvanosyluracil.—(a) A solution of the ethoxy acrylamide (1-28 g.) 
in ethanol (10 ml.) was treated with p-xylosylamine (0-84 g.). The suspension was warmed and 
shaken, a clear solution being soon obtained. This was evaporated to about half volume and 
cooled; after a short time a jelly containing a few crystals separated; when rubbed, the gel 
rapidly crystallised. The solid was washed with a little ethanol and ether; 5-cyano-3-methyl- 
l-p-xylopyranosyluracil monohydrate (0-8 g.) separated from ethanol as needles, m. p. 120 
decomp, to a glass, then m. p. 200°), (a)? —17-2° (¢ 4-08) (Found: C, 44:3; H, 50; N, 14-15 
C,H yO,N,,H,O requires C, 43-85; H, 6-0; N, 13-95% Absorption max. at 273 (¢ 11,580) 
and <215 mu (e 10,100). A further quantity (0-25 g.) of the xyloside was recovered from 
the filtrate. In 24 hr. at 20° the substance consumed 2-04 mols. of 0-0841N-sodium meta 
periodate and liberated 0-85 mol. of formic acid (b) The ethoxy-acrylamide (0-48 g.) was 
covered with water (1 ml.), and p-xylosylamine (0:31 g.) was added. The mixture was shaken ; 
after about 5 min. a clear very pale yellow solution was obtained. This was kept over phos 
phoric oxide to give finally a syrup which when stirred with ethanol and ether gave a crystalline 
solid (0-35 g.), m. p. and mixed m, p. 120° (decomp. to a glass; m. p, 200°). 
5-Cyano-3-methyl-1-p-ribopyranosyluracil,—-The ethoxy-acrylamide (1:15 g.) in ethanol 
20 ml.) was treated with p-ribosylamine (0-74 g the mixture was gently warmed and shaken 
to give a clear solution; this was evaporated to ca, 5 ml. and cooled, A small portion was 
treated with ether, to precipitate a gum which when kept with a little ethanol gave crystals 
rhe main solution, when seeded, rapidly crystallised, 5-Cyano-3-methyl-1-p-ribopyranosy! 
uvacil (0-55 g.) separated from ethanol as needles, m. p, 223°, [a/? —16-01° (c 2-36) (Found : 
C, 46-15; H, 455; N, 14-55. C,,HyO,N, requires C, 46-65; H, 465; N, 14-85%); a further 
quantity (0-53 g.) was obtained by treating the ethanol solution with ether, Absorption max, 
it 273 (¢ 5780) and <215 mu (e > 5300). In 24 hr. at 20° the substance consumed 1-78 mols 
of 0-0841N-sodium metaperiodate and liberated 1-2 mols. of formic acid, 
5-Cyano-3-methyl-1-p-galactopyranosyluracil.-p-Galactosylamine (1-5 g.) was added to a 
solution of the ethoxy-acrylamide (1-9 g.) in ethanol (10 ml.); the suspension was warmed for 
a short time to give a clear solution which when cooled gave a crystalline precipitate; 5-cyano 
3-methyl-1-p-galactopyranosyluvacil (1:78 g.) separated from ethanol as prisms, m. p. 240° 
decomp.), [%% 422° (c 4-26) (Found: C, 45-95 4-7; N, 13-5. Cy,H,,O,N, requires 
C, 46-0 4:85; N, 13-4%). Absorption max. at 273 (e 11,580) and <(215 my (e 10,300) 
In 24 hr. at 20° the substance consumed 2-3 mols. of 0-0826n-sodium metaperiodate and 
liberated 1-1 mols. of formic acid, 
5-Cyano-3-methyl-1-p-glucopyranosyluracil,-b-Glucosylamine (1-25 5 warmed with the 
ethoxy-acrylamide (1-62 g.) in ethanol (10 ml.) for a few min., gave a clear solution; this after 
| hr. was treated with ether, to precipitate a semi-solid gum Ihe solvent was decanted, the 
gum dissolved in ethanol (20 ml.), and the solution kept at 0° for a few hr \ crystalline precipit 
ate was obtained: 5-cyano-3 methyl-1-p-glucopyrano luvacil monohydvate (1-1 g.) crystallised 
from ethanol as prisms, m. p. 204° (after sintering at 135-140"), [a|? +-13-4° (¢ 4-10) (found 
C, 43-65 H, 5-15 N, 12-55. ( wH,,0,N,,H,0 requires ( 43-5; H, 56-16; N, 12-7%) 
Absorption max. at 273 (¢ 7800) and <215 mu (e 10,300), In 24 hr. at 20° the substance 
onsumed 1-91 mols. of 0-0826N-sodium metaperiodate and liberated 1-17 mols. of formic acid, 
5-Cyano-1-p-ribopyranosyluracil.—A solution of b-ribosylamine (1-41 g.) in water (30 m1.) 
vas added to one of a-cyano-$-ethoxy-N-ethoxycarbonylacrylamide (2 g.) in warm ethanol (30 
ml.) and kept at room temperature for l hr. The solution was evaporated to dryness and the 
resulting gum dissolved in water (10 ml.) and treated with a solution of basic lead acetate ; 
there was no immediate precipitate but when the solution was warmed on the steam-bath fo: 
. few minutes and then cooled a thick solid precipitate was obtained The lead salt was filtered 
off, washed with a little ice water, suspended in ethanol, and decomposed with hydrogen sulphide 
\fter removal of lead sulphide, the colourless solutior is evaporated to a small volume and 
\ crystalline precipitate was obtained. | »1-p-ribopyranosyluracil (0-96 4g.) 
eparated from ethanol as needles, m. p. 231°, [a * 22 7-26) (Yound: C, 444; H, 41 
N, 15-5. C,,H,,O,N, requires C, 44-6; H, 41 : Absorption max. at 274 (¢ 6270) 
and < 215 mu (e 5500) In 24 hr. at 20° the substance cor med 2-1 mols. of 0-0841N-sodium 


metaperiodate and liberated 1-23 mols. of formi 
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5&-Cyano-1-p-galactopyranosyluracil,—D-Galactosylamine (1-75 g.} was added to a-cyano-3- 
ethoxycarbonylacrylamide (2-12 g.) in ethanol (15 ml.), The solution was warmed and shaken 
until clear, Addition of basic lead acetate to the alcoholic solution precipitated a solid. This 
was filtered off, washed with water, dispersed in ethanol, and decomposed with hydrogen sulphide. 
Lead sulphide was filtered off, and the colourless filtrate evaporated to a small volume, and 
set aside. A crystalline precipitate soon appeared; 5-cyano-1-p-galactopyranosyluracil (0-6 g.) 
separated from ethanol as needles, m, p. 264°, (a)? +-50-2° (c 2-39) (Found: C, 43-9; H, 4-25; 
N, 13-95. C,,H,,0,N, requires C, 44-15; H 44; N, 14-05%). Absorption max. at 274 (¢ 4700) 
and <216 mu (¢ > 4660). In 24 hr. at 20° the substance consumed 2-0 mols. of 0-0826n-sodium 
metaperiodate and liberated 1-0 mol. of formic acid. 

5-Cyano-\-p-glucopyranosyluracil.—-A suspension of p-glucosylamine (1-79 g.) in ethanol 
(20 ml.) containing «-cyano-§-ethoxy-N-ethoxycarbonylacrylamide (2-12 g.) was shaken and 
warmed gently, to give, after a short time, a clear solution, This was evaporated to dryness 
and the residual gum dissolved in water, and to the solution was added basic lead acetate until 
no further precipitate was obtained, The lead salt was filtered off, washed with water and 
ethanol, and decomposed in ethanol with hydrogen sulphide. Lead sulphide was filtered off 
and the colourless filtrate evaporated to a small volume and set aside overnight; a crystalline 
precipitate separated, 5-Cyano-1-p-glucopyranosyluracil (0-61 g.) recrystallised from ethanol 
as needles, m. p. 240°, (a) +-44-2° (c 1-81) (Found: C, 44:35; H, 44; N, 140%), Absorption 
max, at 274 (ec 9450) and <215 my (¢ > 9200). In 24 hr. at 20° the substance consumed 1-9 
mols. of 0-0826n-sodium metaperiodate and liberated 0-87 mol. of formic acid, 

5-Cyano-1-p-aylopyranosyluracil,—-(A) D-Xylosylamine (1-49 g.) was shaken with «-cyano- 
§-ethoxy-N-ethoxycarbonylacrylamide (2-12 g.) in ethanol (20 ml.) until a solution was obtained. 
This was evaporated to a gum which was dissolved in water. Addition of basic lead acetate 
gave a precipitate which was filtered off, washed with water, and decomposed in ethanol with 
hydrogen sulphide. The solution was filtered from lead sulphide, evaporated to a small volume, 
and set aside, to give a crystalline precipitate; 5-cyano-l-p «ylopyranosyluracil (0-41 g.) 
recrystallised from ethanol as needles, m. p. 247°, («)P 26-1” (¢ 2-38) (Found: C, 44-45 
H, 4:05; N, 153%). Absorption max. at 273 (¢ 11,090) and <215 mu (¢ > 10,660), In 24 hr 
at 20° the substance consumed 1-86 mols, of 0-0826n-sodium metaperiodate and liberated 0-99 
mol, of formic acid. (8) A finely powdered mixture of p-xylosylamine (0-5 g.) and «-cyano-{- 
ethoxy-N-ethoxycarbonylacrylamide (0-74 g.) was heated at 110° (bath) for 5 min. A clear 
melt was obtained which was cooled, dissolved in water, and worked up as under (A), to give 
the xyloside (0-1 g.), m. p. and mixed m, p. 247°. (C) p-Xylosylamine (1-49 g.) and the acry! 
amide (2:12 g.) were allowed to react in ethanol as in (A). The solution was treated 
with methanolic ammonia, to precipitate a colourless solid (presumably an ammonium salt). 
Crystallisation of this from ethanol gave however the xyloside (0-5 g.), m,. p. and mixed m. p. 
245°, (a)? —24-9° (c 2-0) (Found: C, 44-65; H, 4-15; N, 15-5%) 

5-Cyano-1-2-deoxy-p-glucopyranosyluracil.-To a solution of 2-amino-2-deoxy-p-glucose 
hydrochloride (1 g.) in water (5 ml.) and 2n-sodium hydroxide (2-34 ml.) was added a solution 
of «-cyano-f ethoxy-N-ethoxycarbonylacrylamide (0-98 g.) in ethanol (10 ml.). The solution 
was warmed on a water-bath for 15 min., cooled, and treated with a solution of basic lead acetate, 
a solid precipitate being obtained, The lead salt was washed with water and ethanol and 
decomposed as a suspension in ethanol with hydrogen sulphide. Lead sulphide was removed 
and the filtrate evaporated to a small volume and cooled. The pyrimidine monohydrate (0-3 g.) 
crystallised from ethanol as plates, m. p. 218°, {a1 +-67-6° (c 2-07) (Found: C, 420; H, 4-65; 
N, 12-65. C,,H,O,N,,H,O requires C, 41-65; H, 475; N, 13-25%). Absorption max. at 274 
(e 13,600) and <215 mu (e > 10,700). In 24 hr. at 20° the substance consumed 4-05 mols 
of 0-0895Nn-sodium metaperiodate and liberated 2-9 mols. of formic acid. 


Ihe authors are indebted to the N.S.W. State Cancer Council for a research grant, to the 
Sloan-Kettering Institute for Cancer Research for a gift of p-ribose, and to Dr. E. Challen for 
the microanalyses, 
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369. Some Experiments towards the Elucidation of the Reissert 
Reaction. 


By R. F. Corus and T. HENSHALL. 


DuRING experiments on the reaction mechanism of the acid: hydrolysis of the Reissert 
complex,! 1-benzoyl-2-cyano-l : 2-dihydroquinoline (1), the effect of anhydrous hydro 
chloric acid was investigated. Other workers ** have shown that this reaction in various 
solvents gives a red oily precipitate which reacts further with water to yield benzaldehyde 
and quinaldamide. However, the reaction in chloroform and ethanol rapidly gives a yellow 
crystalline precipitate, believed to be the ethyl imidate dihydrochloride derived from 
2-cyanoquinoline, together with benzaldehyde. The former product was hygroscopic and 
it was not possible to obtain a good analysis but it was readily converted into 2-amidino- 
quinoline hydrochloride by ethanolic ammonia. However, 2-cyanoquinoline under 
identical conditions merely gave its insoluble hydrochloride, with no further reaction. 

Other workers,‘ using slightly different conditions and a longer reaction period, have 
claimed that 2-cyanoquinoline does form the imidic ester and ultimately the amidine. The 
amidine hydrochloride so obtained was described as a very hygroscopic solid for which no 
analysis was given. A picrate was formed which had nearly the same properties as the 
picrate prepared from the amidine hydrochloride in present work, and a supporting analysis 
was given. It appears that pure 2-amidinoquinoline hydrochloride is better prepared from 
the Keissert complex (I) than from 2-cyanoquinoline 

McEwen and Cobb ® recently described the direct action of hydrochloric acid on the 
Reissert complex (I) in the presence of 95°, ethanol and obtained ethyl quinaldate, 
quinaldamide, and quinaldic acid, together with benzaldehyde, but, presumably because 
the reagents were not anhydrous, they did not isolate any imidic ester which might have 
been formed initially. The conditions employed to isolate the preducts would almost 
certainly have decomposed the imidic ester to quinaldic ester or quinaldie acid. 


We have prepared the formally analogous compounds (II) and (III): neither yields 
significant quantities of benzaldehyde on acid hydrolysis. Since the completion of this 
work Elliott ® has shown that N-benzoy!-N-phenylglycine nitrile yields benzoic acid on 
treatment with acid. From these results we infer that the complete (although partially 
reduced) quinoline nucleus, as in (1), is necessary, in addition to the other essential structural 
feature (LV), for the production of benzaldehyde 

1-Benzoyl-2-cyano-l : 2: 3: 4-tetrahydroquinoline 7’ contains the structure (IV), but 
not the 3:4-double bond; its acid hydrolysis yields 1 : 2:3: 4-tetrahydroquinoline-2 
carboxylic acid and benzoic acid but no benzaldehyde. Thus the formation of 


' Reissert, Ber., 1905, 38, 1603. 

* Kaufmann and Dandliker, Ber., 1913, 46, 2024 

* McEwen, Kindall, Hazlett, and Glazier, /. Amer. Chem. Soc., 1951, 73, 4591 
* Coates, Cook, Heilbron, and Lewis, J., 1943, 420 

* McEwen and Cobb, ]. Amer. Chem. Soc., 1955, 77, 5042 

* Elliott, ibid., p. 4408 

’ Collins, ibid., p. 4921 
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benzaldehyde from compound (I), in contrast to the normal acid hydrolysis of the amide 
and the cyano-group, must depend on the 3: 4-double bond which would transmit any 
electronic disturbance at the amide group through the benzene ring to the 2-carbon atom 
with possible activation of the hydrogen atom at this position. It is also possible for th 
reverse effect to occur since we have shown that compound (I) is readily attacked at the 
cyano-group (more rapidly than 2-cyanoquinoline), probably forming an imidic ester salt 
which might effect an electronic shift via the 3 : 4-double bond and the benzene ring to the 
amide group. The presence of the 3: 4-double bond in the compound (I) also leads to a 
fully aromatic ring, after the benzaldehyde is formed, and probably provides the necessary 
energy for the reaction to proceed, 


| xperimental,—-2-A midinoquinoline hydrochloride, 1-Benzoyl-2-cyano-1 : 2-dihydroquin 
oline (15-7 g.) in dry chloroform (230 mol.) and dry ethanol (4 ml.) was saturated at 0° with dry 
drogen chioride, A thick yellow precipitate was formed and after 1 week (a much shorter 
period can be used) at room temperature the yellow solid was collected, rapidly washed with dry 
ther, and placed immediately in a vacuum-desiccator, There was a strong odour of benz 
idehyde during this operation, The product was analysed without further purification, owing 
hygroscopic nature, and was assumed to be crude ethyl quinoline-2-carboxyimidoate 
rochloride (Found; C, 49-3; H, 5-75; N, 10-0; Cl, 25-9. Cale, for C,gH,ON,,2HCI: ( 
H, 51; N, 10-25; Cl, 26-0%) containing a little excess of hydrochloric acid and wate: 
mm the atmosphere), which was not lost on drying before analysis. Approximately half of 
material was treated with saturated ethanolic ammonia at 55—60° for 5 hr. The yellow 
luct (6-7 g.) was soluble in ethanol and was precipitated therefrom by ether Repetition of 
rocess freed the amidine hydrochloride from ammonium chloride, The crude product was 
crystallised from ethanol and acetone, to yield pure 2-amidinoquinoline hydrochloride 
m, p. 238° (Found: C, 68-0; H, 485; N, 20-3. C,,H,N,,HCI requires C, 57-8; H, 4-8 
%,) rhe picrate, m. p. 263-—-264° (Found: N, 21-2. Calc. for C,,H,O,N,: N, 21-0 
et al,* give m, p, 25%-—-259° (decomp.)|, was formed from the hydrochloride and 
tallised from acetone 
lhe original chloroform filtrate, from the imidic ester, was concentrated and the residue 
eam-distilled, Extraction of the distillate with ether afforded benzaldehyde (5 g 
x Benzanilidophenylacetonitrile (11 a-Anilinophenylacetonitrile * (10 g.) in dry pyridine 
4) ml.) was treated dropwise with benzoyl chloride (6-8 ml.) at <25 Next day the mixture 
wured on ice and extracted with ether, and the extract was washed with dilute hydrochlori 
ater, and dilute sodium hydroxide, and was dried (MgSO, Evaporation under reduced 
iflorded a viscous oil, which was extracted repeatedly with light petroleum (b. p. 60 
iporation under reduced pressure and trituration of the residue with light petroleum 
60°) gave a solid (10-7 g.), m p. 78—81° Recrystallisation from methanol yielded 
imido-nitvile (9 g.), m. p, 87-——88° (Found: C, 80-5; H, 4-95; N, 90. ott ON, 
C, 80-7; H, 5-1; N, 90% 
2-Bensanilido-4-phenylbut-3-enonitrile (111), 2-Anilino-4-phenylbut-3-enonitrile ® (10 g.) in 
ridine (30 ml.) was treated dropwise with benzoyl chloride (6-5 ml.) at <25° and worked up as 
‘ The ethereal solution of the product was concentrated in vacuo and afforded a red 
oil. Approx, 2 g. of this oil were chromatographed over alumina in benzene, with ether 
| by ether-ethanol for elution, After several months crystals appeared in one of the 
obtained by evaporation of aliquot parts of the eluate. After the addition of some 
crystals (0-3 g.; m. p. 94-—-08°) were collected and recrystallised from methanol 
2-hbenzanilido-4 phenylbut 3-enontitrile (0-2 g.), m, p. 97-—08 in C, 81:8; H, 55 
Cys, gON, requires C, 81-6; H, 5-3; N, 83%), 
bulk of the original solution was then treated with methanol, seeded, and kept at 0° ove: 
The crystalline product was collected and recrystallised from methanol to yield the pure 
t (2-3 g.), m. p. 96-97", 
filtrate from the separation of the crude product was stored for several days an 
illine solid slowly appeared It was collected and recrystallised from methanol and yielded 
cond product (3-1 g.), m. p. 115-—117° (Found: C, 81-8; H, 5-6; N, 825%). Them. p 
ed to 86--90° on admixture with the first product and to 98-—105° on admixture 
he anilinonitrile (m, p, 127-—-128°) rhe products are thus probably cis-trans-isomers. 


' 


Tiemann and Piest, Ber., 1882, 1§, 2029 
Von Miller, Pléchl, and Jungmann, Ber., 1892, 25, 2052 
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Hydrolysis of the nitrile (11). The nitrile (1 g.) was refluxed for 1-5 hr. with concentrated 
hydrochloric acid (10 ml.) and water (10 ml.). Steam-distillation and extraction of the basified 
distillate with ether gave a negligible quantity of benzaldehyde (2: 4-dinitrophenylhydrazone, 
m. p. 237—238°). The alkaline aqueous steam-distillate was acidified but no benzoic acid was 
isolated, presumably because of the volume of water present, The residue in the flask, after the 
steam-distillation, was filtered off, dissolved in dilute sodium hydroxide, filtered, and acidified 
with acetic acid, and the product (0-45 g.), m. p. 157-158”, was collected. It recrystallised from 
aqueous ethanol and then from benzene, giving «-anilinophenylacetic acid (0-35 g.), m. p. 172 
173° (Found: C, 74:6; H, 61; N, 6-25. Cale. for C,,H,,O,N: C, 740; H, 5-7; N, 62%). 
McKenzie and Bate ® give m, p. 174—175°. The original acid filtrate from the latter product 
gave a positive diazo-reaction, indicating the presence of a trace of primary aromatic amine, 

Hydrolysis of the nitrile (111). The nitrile (0-5 g.) was refluxed with concentrated hydro- 
chloric acid (5 ml.) and water (5 ml.) for 1-5 hr. Benzaldehyde could not be detected either by 
its odour or by treatment of the hydrolysate with 2: 4-dinitrophenylhydrazine, Each isomer 


gave the same result. 


One of the authors (R. F. C.) thanks May & Baker Ltd., for general laboratory facilities. The 


emimicroanalyses were carried out by Mr. S. Bance, B.Sc., A.R.1.C., of May and Baker Ltd. 
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’ McKenzie and Bate, 7., 1915, 107, 1682 


370. Secondary Mechanisms in the Halogenation of Phenols 
Aromatic Sulphonamides. 


By P. W. Rose: 


None of the mechanisms proposed hitherto accounts satisfactorily for all the complex 
products of halogenation of phenols or aromatic sulphonamides,' and the present not 
suggests an alternative. These reactions involve nucleophilic halogen addition (the 
kinetics of which have recently been investigated *) as well as addition and subsequent 
elimination of hydrogen halide. 


Cl 
wet S On Oo 
~~ 
SAA 
Cl 


(V1) 


Chlorination of ¢@-naphthol yields the products* shown in the annexed scheme. 


Electrophilic substitution gives first 1-chloro-2-naphthol (1), which by addition of chlorine 


' Bell and Mulholland, J., 1949, 2020; Bell, /., 1953, 3035; 1955, 2376; Bell and Gibson, /,, 


1954, 4635 1955, 24 
le la Mare and Robertson, J., 1945, 888; Rothbauw ling, and Kobertson, /., 1048, 980 
+ Zincke, Ber, 1888, 21, 3378; James and Wooden /., 1951, 1921 
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and elimination of hydrogen halide yields the dichloro-compound (II). This «6-unsatur- 
ated ketone undergoes acid-catalysed nucleophilic addition of chlorine, the reactive agent 
being HCl, and the product the tetrachloro-oxotetralin (III). Further chlorination then 
gives the pentachloro-ketone (I1V) or, if no more than 3 mols. of chlorine are used, the 
tetrachloro-ketone changes, via the enol (VII), into the trichlorophenol (VIII). 1 : 4-Di- 
chloro-2-naphthol (VI) is produced in practice by bubbling chlorine into the reaction 
mixture, two mols. of chlorine being consumed: it cannot be formed by electrophilic 
ubstitution which, as shown, for example, by nitration, would yield a 1 : 6-disubstituted 
product; its formation is prevented by addition of sodium acetate to the acetic acid 
olvent, in which it acts as a base, so it follows that hydrogen chloride is required and 
reaction via the intermediate (V) (which is not isolated) can be assumed. The dichloro- 
naphthol is however not obtained when an excess of chlorine is used, for addition of chlorine, 
to give the product (III), is more rapid than that of hydrogen halide. 

Bromination of 6-naphthol* takes a different course. The | : 6-dibromo-compound 
1X), the normal disubstitution product, when further brominated in acetic acid, yields the 


Br, Br 2 
OH ‘O op :O 
Br ZA Br Br 


(XI) (Xil) 


onaphthol (X), probably by acid-catalysed addition of bromine to the keto-form 
ubsequent elimination of hydrogen bromide : in this case there is no 4-substitution 

the equilibrium —CX,°CO~ + HX =—=-CHX-CO X, lies more to the 

right when X « Brthan when X = Cl. However, in presence of sodium acetate dibromin- 
ation leads to the ketone (XI), which by nucleophilic addition (involving Br,~ ions, which 
react rapidly even in the absence of H*) followed by elimination of hydrogen halide 


Way 
favoured by sodium acetate) affords the tetrabromo-ketone (X11), 

In the analogous bromination of arenesulphonyl-2-naphthylamides in pyridine, Bell ! 
obtained the 1 : 3-dibromo-derivative as end-product. Here, ‘‘ positive ’’ bromine cannot 
be the reagent, for this would merely react at the 1 : 6-positions. Reaction with Br,~ 
ions probably proceeds by way of the N-arenesulphonyl-1 : 1 : 3-tribromo-] ; 2-dihydro-2- 
naphthylimine [analogous to (XII)} which passes into the N-arenesulphonyl-1 ; 3-dibromo 

iphthylamine during the working up (by the action of hydrochloric acid) 

fhe behaviour of certain sulphonamide derivatives is illustrated for 2 ; 3-xylidine 

X11 » (XVI). In the intermediate (XV) the deactivating C=N-Tos and CCl, groups 


NHTos NTos NTos 
Cly ( Me Cty 
red {> 
Me 
Ww 
Cl, 


(XV) 
(Tos = Ar$O1) 


hould cause the electrophilic addition of chlorine to be very slow. The alternative, 

nucleophilic addition of chlorine may be expected to be fast, and should therefore, be the 
mechanism that is in operation, The isolation of the addition product (XVI) confirms 
this view, since methyl groups are known to reduce the rate of nucleophilic addition (e.g., 
acrylic acid > a-methylacrylic acid, benzoquinone > 2 : 6-dimethylbenzoquinone),* 


‘ Vranzen, J. prakt. Chem., 1922, 108, 352; Fries, Annalen, 1030, 484, 245 
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Chlorination of a p-toluidine derivative (XVII) occurs by the steps (XVII-—-XX). In 
the last step, acid-catalysed 1 : 2-nucleophilic addition (by means of HC1,) should be fast, 


NHTos NTos NTos 
! 


Cc 
H 
“# H 
Me : Me r 
(XVII) (XVIII) XIX) (XX) 


and 1] ; 2-electrophilic addition should be slow [as for the acid, CHPh’CH-CH:C(CO,H),].° 
Here again the nature of the product indicates that a nucleophilic addition process is a 
secondary mechanism in the halogenation. 


32, Dorset Square, Lonpon, N.W.1. eceived, November 8th, 1955.) 
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371. Heterocyclic N-Oxides. Oxides of Some Diphenylpyrazine 
Derivatives and of 3-Nitro- and 7-Nitro-quinoline. 
By Justus K. LAnpguist. 


DURING an investigation of the chemotherapeutic properties of quinoxaline di-N-oxides a 
search was made for other heterocyclic N-oxides with similar antibacterial or antiprotozoa! 
activity. Some of the closely related pyrazine N-oxides have already been described.! 
Certain nitroquinoline N-oxides bear a formal resemblance to quinoxaline 1 ; 4-dioxide, 
and the N-oxides of 4-, 5-, 6-, and 8-nitroquinoline have been described.* 3-Nitro- and 
7-nitro-quinoline N-oxides were made by oxidation of the corresponding nitroquinolines 
with monoperphthalic acid. 

2 : 3-Diphenylpyrazine on oxidation with peracetic acid gave mono- and di-N-oxides, 
but 2 : 6-diphenylpyrazine gave only a monoxide, probably 2 : 6-diphenylpyrazine 4-oxide, 
5 : 6-Dihydro-2 ; 3-diphenylpyrazine was treated with peracetic acid in the expectation that 
dehydrogenation and N-oxidation would occur, but the product appeared to be a di-N-oxide 
of the dihydro-compound, 2: 3-Diphenylpyrazine l-oxide reacted with phosphoryl! 
chloride, giving 5-chloro-2 ; 3-diphenylpyrazine. Like 2- and 3-chloro-5 : 6-benzoquin 
oxaline * this compound was unreactive towards arylamines, but the chlorine was replaced 
by piperidine. 

Oxidation of quinazoline with peracetic acid gave 4-hydroxyquinazoline. It is 
probable that some compounds described in the literature as N-oxides are in fact 
(-hydroxy-compounds; such compounds may usually be distinguished from N-oxides by 
their high melting points 2-hydroxy-5 : 6 diphenylpyrazine 4 and 2-hydroxy-3 : 5-di- 
phenylpyrazine ® melt at 243-——-244° and 270—272°, respectively), their solubility in aqueous 
odium hydroxide, and their sparing solubility in organic solvent : 


Expevimental.—-3-Nitroquinoline N-oxide. %3-Nitroquinoline (8-7 g.) in dry dioxan (60 c.c.) 
vas added during 10 min. to an ice-cold 0-5n-solution of monoperphthalic acid in ether (125 c.c.); 
After 3 days the solvent wax evaporated under reduced pressure and the residue was stirred for 
30 min. with 5% ammonia solution (90 c.c.). Unchanged 3-nitroquinoline (4-5 g.) was filtered 
off and washed with water, and the aqueous filtrate was extracted with chloroform (3 x 80¢.<¢.,), 
Evaporation of the dried (Na,SO,) extract and repeated crystallisation of the residue (1-2 g.) 


Newbold and Spring, J., 1947, 1183. 
* Ochiai, Ishikawa, and Zai-Ren, /. Pharm. Soc. Japan, 1943, 63, 280; Gouley, Moersch, and 
Mosher, J. Amer. Chem. Soc., 1947, @@, 303; Bachman and Cooper, /. Org. Chem., 1944, 9, 302. 
* Landquist, /., 1953, 2816. 
* Karmas and Spoerri, J. Amer. Chem. Soc., 1952, 74, 1580 
* Dunn, Elvidge, Newbold, Ramsay, Spring, and Sweeny, /., 1949, 2707 
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from ethanol yielded 3-nitroguinoline N-oxide (0-5 g.) as yellow crystals, m. p. 192—193° (Found 
C, 566%; H, 33; N, 144, C,H,O,N, requires C, 66-8; H, 3-15; N,14-7%). The same N-oxide 
vas Obtained by oxidation with 1-2m-peracetic acid at 50° overnight 
7-Nuvoquinoline N-oxide, 7-Nitroquinoline (5-0 g.) in dioxan (50 c.c.) was added to a 25%, 
excess of monoperphthalic acid in ether at 0—5° and the mixture set aside for 5 days at room 
temperature, The bulk of the solvent was then evaporated under reduced pressure (bath temp 
50°) and the residue was stirred for 30 min. with 5% ammonia solution (60 c.c.). The solid 
(4-5 ¢.) was filtered off and washed with water, and extraction of the filtrate with chloroform 
afforded a further 0-8 g. Crystallisation from benzene and then from methanol gave 7-ni(r 
quinoline N-oxide (1-6 g.), yellow crystals, m, p, 174—175° (Found: C, 57-2; H, 3-5; N, 146% 
Oxidation of 2: 3-Diphenylpyrazine, 2: 3-Diphenylpyrazine (5-8 g.) and 1-2M = peracetic 
acid (80 c.c.) were heated overnight at 560°, cooled, and diluted with water to 350c.c.; 2: 3-di 
phenylpyrasine \-oxide (2-9 g.) was removed by filtration and washed with water. It crystallised 
from light petroleum (b. p, 100-—-120°) in needles, m. p. 171—172° (Found : C, 76-6; H, 4-8; N, 
10-95. CygH ON, requires C, 77-4; H, 48; N, 113%). The aqueous filtrate was cooled in 
made just alkaline (Brilliant yellow) with sodium hydroxide, and the precipitated 
} nylpyvazine 1: 4-dioxide (2-0 g.) was collected and washed with water. Extraction 
of the mother liquors with chloroform afforded 1 g. of impure material. The product crystallised 
from ethanol in platelets, m, p. 262° (decomp.) (Found ; C, 72-4; H, 455; N, 10-7. C,.H,,0O,N, 
requires C, 72-6; H, 455; N, 10-6%). 
By using similar oxidation conditions the following were prepared: 5: 6-dihydro-2: 3-d 
nylpyrazine 1: 4-dioxide, needles, m. p. 244°, from 2-ethoxyethanol (Found: C, 71-9; H, 
N, 11-0. CygH,O,N, requires C, 72-1; H, 5-25; N, 10-5%), and 2: 6-diphenylpyrazine 
)-oxide, needles, m, p. 200-—-201°, from ethanol (Found: C, 77-3; H, 485; N, 11-4 
HON, requires C, 77-4; H, 48; N, 113%), 
2-Chloro-6 : 6-diphenylpyrazine, 2: 3-Diphenylpyrazine l-oxide (1-6 g.) and phosphory! 
chloride (6 c.c.) were boiled under reflux for 20 min, and then poured on ice (100 g.), and the 
mixture was made alkaline with potassium hydroxide, The precipitated oil solidified slowly and 
the crude solid (1-7 g.; m. p. 123-—-124°) was washed with water, dried, and crystallised from 
ethanol, 2-Chloro-5 ; 6-diphenylpyrazine was obtained as prisms, m. p, 125-—126°, from cyclo 
hexane (found: C, 72-2; H, 42; N, 10-6. Calc, forC,,H,,N,Cl: C, 72-0; H, 41; N, 105%). 
Karmas and Spoerri * found m. p. 126—127°, 
5: 6-Diphenyl-2-piperidino-pyrasine. 2-Chloro-5 ; 6-diphenylpyrazine (2-6 g.) and piperidine 
(9 ¢.c.) were boiled under reflux for 1-5 hr, and poured into water. The precipitate hardened 
when rubbed, and was crystallised from ethanol, giving 5 : 6-diphenyl-2-piperidinopyrazine 
(2-4 g¢.) m. p, 127-—-129° (Found: C, 79-9; H, 6-5; N, 13-3. C,,H,,N, requires C, 80-0; H, 6-7 
N, 133% 
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372. A Simple Approximation to the Resonance Energies of 
Aromatic Molecules. 


By A. L. GREEN 


\LTHOUGH many approximate formula, both empirical! and based on perturbation treat 
ments of more rigorous quantum-mechanical methods,? have been given for the calculation 
of resonance energies, the simple dependence of the resonance energies of aromatic molecules 
containing only six-membered rings on the number of bonds in the molecule, #.¢., Eyes. = kn 
has not been reported. If & = 6/3, then the energy is given in terms of the molecular 
orbital resonance integral 6. The slightly greater resonance energies of angular molecuies 
compared with those of their linear isomers can be corrected by addition of m6/10, where 


brown, Trans. Faraday Soc., 1950, 46, 1013; (b) Carter, ibid, 1949, 45, 597; (c) Wheland 
rhe Theory of Resonance John Wiley and Sons, New York, 1944, p. 79 
1) Wheland, /. Chem. Phys., 1935, 3, 230; (6) Daudel and Vroelant, Bull. Soe. chim. Franc: 
1940, 16, 217 ¢) Dewar, J. Amer, Chem, Soc., 1952, 74, 3345; (d) Dewar and Petitt, /., 1954, 1617 
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m is the number of bonds contained in one benzene ring in the molecule and linking two 
others, giving the complete formula : 


} pain (n/3 m/10)8 hes anid, ‘oe ois a 


rhe calculation is illustrated below for 4 : 5-benzopyrene 


In Table 1 the resonance energies calculated for a number of aromatic molecules are 
compared with those obtained by the complete molecular-orbital method by Wheland’s 
method,'™* in which the resonance energy is directly proportional to the number of single 
bonds in any “‘ Kekulé”’ representation of the aromatic system, and by Daudel and Vroelant’s 
method” in which the total x-electron energy is an additive function of the number 
of bonds. Wheland’s method does not allow for the variation in resonance energy of 
isomers and could be improved by some factor such as our “‘ m"’ term 


raBLe 1. Resonance energies (in units of 6) calculated by various approximate formula 
compared with accurate molecular-orlital values 
bhi Daudel and 
Compound * Accurate * ne Wheland ¢ Vroelant 
Len zene : 2 OO * Y 4 1-80 
Naphthalene . 3-68 * 3°67 3:64 
Anthracene S3l¢ mF 46 
Phenanthrene i454 
l’yrene ..... 6 
Naphthacene , 6 
Benzanthracens 


Chrysene 

rriphenylene 

Verylene 

‘ ) Benzopyrene 
Pentacene 

be ntaphe re ; és 

1: 2-5: 6-Dibenzanthrac 


i a a a a a a) 
: tor Geter 


Picene 

2: 3-6: 7-Dibenzopyrene 
2: 3-4: 5-Dibenzopyrene .. 10 

Hexacene , tous ; lv 

2: 3-8: 9-Dibenzochrysen: 10 

Coronene 10-57 

letrabenzonaphthalene 10 

letrabenzanthracene . 1258 

{ halcacene 12 

* The numbering is that of the ‘’ King Index 

Accurate values are taken from: (a) Brown, J ra Favaday Soc., 1950, 46, 1013; (b) Berthier, 

ilson, Greenwood, and Pullman, Compt. rend., 1048, 226, 1906 Baldeck, Berthier, and Pullman, 
d., 1949, 228, 931; (d) Chalvet and Peltier, ibid., 1955, 240, 1709 Moffitt and Coulson, P’ro« 
*hys. Soc., 1948, 60, A, 300; (f) Herraez Zarza, Anales Fis. Quim., 1955, 51, B, 305; (g) Coulson, 
tradburn, and Rushbrooke, Proc. Roy. Soc. Edinburgh, 1946, 62, A, 336 

t These approximations are derived from valence-bond theory and give results in terms of the 
alence-bond exchange integral, a. These have been multiplied by 1:82 to give comparable resonance 
nergies in terms of the molecular-orbital resonance integral, £ 


Coulson and his co-workers * 4 have studied large condensed aromatic systems. Their 
numerical results indicate that the resonance energies depend simply on the number of 


n, Bradburn, and Rushbrooke, Proc. I hed urgh, 1946, 62, A, 336 
n and Rushbrooke, ibid., p. 350 
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bonds but vary with the shape of the molecule. In our formula this variation is corrected 
by m. Coulson and Rushbrooke * give the resonance energies per atom of several infinitely 


large structures; for these structures they can be easily calculated by the present formula 
and some results are given in Table 2. 


TABLE 2. Resonance energies (in units of 3) per atom of “infinite’’ condensed aromatic systems 


Structure Accurate Approximate 
“Polyacene"’ (I). 0403 0-417 
” Skewed linear’’ (II)... 0437 0-442 
“ Polynaphthylene’’ (111 0-461 0-463 
Graphite’ (IV) . 0-576 0-550 


fhe formula is also related to the “ annelation ’’ energy formula used by Brown," 
who found that, for any aromatic molecule that can be constructed by the fusion of two 
impler molecules, the resonance energy is given approximately by : 


E vou -4- [2°15 (Papp)! ‘73)6 
where Eve) and Egy are the separate resonance energies and p, and p, are the mobil 
bond orders of the bonds being fused, If in every case F. is that of benzene, then 


- 


Eve, = Ena + (0-27 + 2-150067p,)18 . . . 1. (2 


Aromatic bonds at which fusion can occur are generally of three types, similar to the 
2: 3-, 1: 2-, and 9: 10-bonds in phenanthrene with mobile bond orders about 0-61, 0-72, 
and 0-78, respectively. If these values are substituted in equation (2) the additional 
resonance energies due te the annelation of a single benzene ring at these three types of 
bond are: 2:3-, 1-646; 1:2-, 1-768; 9:10-, 1-836. Annelation of a benzene ring requires 
the addition of five bonds to the molecule, If fusion occurs at a 1: 2-bond one “ m”’ 
type bond is created, while if at a 9; 10-bond, there aretwo. Thus the additional resonance 
energies are 1-676, 1-776, and 1-876, so that the two formula are almost equivalent. 
However, Brown's formula is not applicable to condensed structures such as pyrene, 
perylene, or coronene for which the simple formula still gives good agreement. 


CnhemicaAL Derence EXPERIMENTAL ESTABLISHMENT, 
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373. Ovxanil. 
By D. Buckiey and H. B. Henses1 


WarrEN and Briccs ' reported that treatment of oxanilic acid (1) with thionyl chloride 
gave a high-melting compound which they regarded as oxanil (II) on the basis of analytical 
data and a molecular-weight determination in boiling nitrobenzene. The yield was not 
stated 

In view of the unique ring structure of the formulation (II), this reaction has been 
reinvestigated. When a solution of oxanilic acid in purified thionyl chloride was heated 


' Warren and Briggs, Ber., 1931, 64, 26 
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under reflux for 12 hours and the precipitate crystallised from nitromethane, a 12% yield 
of a crystalline compound, subliming at 335——340°, was obtained (Warren and Briggs state 
that their compound had not melted at 320°). The analytical data for this compound 


CO CO-OH (} ° ° H 
paw { pesca SOCI2 % 60a - *: 
“co CO-NHPh 
Ny 
ie 


(m1) (r) (ar) (2) 


agreed with CgH,O,N, and the compound gave aniline on hydrolysis with aqueous alkali 
and a single band at 1709 cm. in the carbonyl region of the infrared spectrum. 

The suspicion that this “ oxanil’’ might be the long-known 2: 3; 5: 6-tetraoxo-1 : 4 
diphenylpiperazine (III) was confirmed by comparison with authentic material prepared * 
by chromic acid oxidation of the 2: 56-dioxo-compound (IV). Both (III) and (IV) were 
converted in high yield into 1 : 4-diphenylpiperazine by reduction with lithium aluminium 
hydride in boiling dioxan. 

The similarity of the method of preparation and of the properties of the high-melting 
products prepared from oxanilic acid by Warren and Briggs and by the present authors 
make it reasonably certain that the earlier workers also obtained (III), and that oxanil (II) 
has yet to be prepared. 


Experimental,—(M., p.s were determined on a Kofler block.) 

Action of thionyl chloride on oxanilic acid, A mixture of the acid (6 g.; prepared by Tingle 
and Bates's method *) and thionyl chloride (25 c.c.; purified by distillation from quinoline and 
from linseed oil) was heated under reflux for 15 hr. The cooled suspension was filtered and the 
solid product crystallised from nitromethane, to give 2: 3:5: 6-tetraoxo-1 : 4-diphenyl 
piperazine (0-48 g.), subliming at 335—340° (Found , 65-256; H, 3-45; N, 9-65. Cale. for 
CigH ON, : C, 65-3; H, 3-45; N, 9-5%). 

Che compound synthesised by Abenius’s method * also sublimed at 335—340°. Both products 
gave identical infrared spectra in Nujol suspensions; carbonyl peak at 1709 cm.+. Both 
products showed ),,, 2250 A and 2 2160 A in the ultraviolet region (in saturated dioxan 
solutions 

1: 4-Diphenylpiperazine. The tetraoxo-compound (0-26 g.) was extracted in a Soxhlet 
thimble above a solution of lithium aluminium hydride (0-16 g.) in boiling dioxan (100 c.<c.) 
After 4 hr. the compound had dissolved, and the product was isolated with ether. The crude 
product in benzene solution was filtered through alumina (10 g.) yielding material (0-17 g.), 
m. p. 166—168°, raised to 169-—-170° by crystallisation from ether-light petroleum (Found 
C, 80-4; H, 7-35; N, 11-66. Cale. for C,,H,,N,: C, 80-65; H, 7-6; N, 11-75%). Identical 
results were obtained by reduction of the tetraoxo-compound from either route. Wedekind 
and Bruch ‘ record m., p. 164-—~165° for this compound 


min, 


Tue University, Mancnester 13. (Received, December Oth, 1956 


* Hausdorfer, Ber., 1889, 22, 1797; Abenius, /. prakt. Chem., 1908, 41, 80 
' Tingle and Bates, J. Amer. Chem. Soc., 1909, $1, 1237 
* Wedekind and Bruch, Annalen, 1929, 471, 88 
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374. The Dinitration of p-Di-tert.-butylbenzene. 
By F. Beit and K. R. Buck. 


lune dinitration of p-di-tert.-butylbenzene was described by Bauer! and Verley ? but it 
y 


was left to Boedtker * to isolate for the first time a pure dinitro-derivative (m. p. 191 

Carpenter and Easter * have recently obtained the same compound, m. p. 193°, in improved 
yield. oedtker ascribes to it formula (1) because after reduction with tin and hydrochlori 
acid the resulting solution gives an intense colour with nitrous acid and, further, oxidation 
with ferrie chloride or chromic acid led to negative results. Crawford and Stewart ® 
have emphasized the difficulty which must attend the preparation of a compound in which 
the fert.-butyl group is flanked by two nitro-groups but since the experiments of Carpenter, 
Easter, and Wood **7 had provided at least twelve examples of this type of structurs 
there had been little reason to question the correctness of Boedtker's conclusion, light}; 


founded though it appeared, 

On repeating this dinitration we found that the product, which was very complex 
contained Boedtker’s compound together with an isomer, m. p. 141 Phe dipole moment 
of the compound of m. p. 191° in benzene solution was indistinguishable from zero ; that of 


(itt (IV) 


the compound of m, p. 141° was 23p. It thus appears that Boedtker’s compound must bi 
the 2: 5-dinitro-compound (II) and it may be recalled that Kofod, Kumar, and Sutton ° 
yund a negligible moment for the dibromo-compound to which they ascribed the analogous 

titution. The isomer, for which (I) and (III) are possible formula, is regarded as (1 
by comparison with the dinitrobenzenes for which the dipole moments are: ortho 5-08 
mela 3780; para, zero.” Further, structure (IIT) was rejected on chemical grounds 
because the compound, m. p. 141°, could be recovered unchanged from boiling piperidine 
vhich Le Févre and Turner ' found to react readily with o-dinitro-compounds, and, also 
the product of reduction of the compound did not condense with phenanthraquinone as an 
o-diamine would be expected to do, The low dipole moment compared with that of 
m-dinitrobenzene suggests that the nitro-groups are laterally displaced about 12° away 
from the fert.-butyl group or, alternatively, that they have moved out of the plane of the 
benzene ring, or have suffered both types of displacement 

\dditional evidence in favour of structure (I1) for Boedtker’s compound was obtained 
by preparing from it a p-quinonoid compound, such as he sought but failed to obtain. The 
dinitro-compound was reduced to the diamine from which was prepared the ditoluene-7 
ulphonyl derivative. This on oxidation with N-bromosuccinimide in pyridine gave an 
ilmost quantitative yield of the corresponding ditoluene-p-sulphonimido-derivative (I\ 
[os = p-C,H,Me-SO,) 

| : 4-Di-tert.-butyl-2 : 5-ditoluene-p-sulphonamidobenzene, on crystallisation from 
chlorobenzene (nominal), separated with 1 mol. of p-dichlorobenzene, which was tenac! 


) 


Bauer, Per., 1896, 27, 1608 
Verley, Bull, Soc, chim, France, 1898, 19, 72 
Lioedtker, ibid., 1906, 35, 835 
Carpenter and Easter, J, Org. Chem., 1954, 19, 77 
Crawford and Stewart, Nature, 1952, 17€, 322 
* Carpenter and Easter, /. Org. Chem., 1951, 16, 618; 1954, 19, 77 
Carpenter, Easter, and Wood, ibid., 1951, 16, 586 

Kofod, Kumar, and Sutton, /., 1951, 1790 

Vartington, ‘‘ Advanced Treatise on Physical Chemistry,"’ 


Longmans, London, 1954, \ 
uu 
" Févre and Turner, ]., 1927, 1113; see also Le Pévre and Le Févre, /., 1935, 964 
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held. This is a remarkable example ef selective action for the percentage of p-dichloro- 
benzene in o-dichlorobenzene (B.D.H.) is presumably quite low. Neither p-di-tert.-butyl- 
benzene nor p-ditoluene-p-sulphonamidobenzene combined with p-dichlorobenzene, 


Experimental,—Physical measurements. These were made on dilute solutions in benzen¢é 
at 20 Dielectric constants were measured by a heterodyne beat method, and refractive 
indices with a Pulfrich refractometer. The customary correction (of doubtful validity) of 5% 
of P, for P, was ignored as this would affect only the second decimal place in a moment as high 
as 2-3 D. 

Preparations. p-Di-tert.-butylbenzene (20 g.) was mononitrated by the method of Carpenter, 
aster, and Wood,’ the crude product further nitrated by Boedtker's method, and the final 
product recrystallised from acetic acid, The first crops consisted of 1 : 4-di-tert.-butyl-2 : 5-di 
nitrobenzene, m. p. 191° (6 g.). From the later crops there was isolated 1 : 4-di-tert.-butyl-2 : 6 
dinitrobensene, which formed stout needles, m. p. 141° (1 g.) (Found: C, 60-1; H, 60 
C gHyO,N, requires C, 60-0; H, 7:1%), The final mother-liquors yielded pale yellow needles 

1-6 g.), m. p. 74-—90°, which were not examined further rhe result was slightly less favourable 
vhen p-di-tert,-butylbenzene was dinitrated directly by Boedtker’s method 

Reduction of 1 : 4-di-tert.-butyl-2 : 5-dinitrobenzene by iron powder in boiling ethanol with a 
little hydrochloric acid for 24 hr, gave a very dark diamine, which could not be obtained pure. 
With toluene-p-sulphonyl chloride in pyridine it gave a difoluene-p-sulphonyl derivative, which 
readily crystallised from commercial o-dichlorobenzene in “ solvated ’’ needles, m,. p. 272 
decomp.) (Found: C, 60-2; H, 5-9. C,,H,,O,N,5,,C,H,Cl, requires C, 60-4; H, 59%) 
Above 170° the crystals became opaque and pure p-dichlorobenzene, m, p. and mixed m, p. 53°, 

evolved (Found, after this treatment: C, 63-8; H, 6-7. CggH,,O,N,5, requires C, 63-7; 
H, 68%). On addition of N-bromosuccinimide to an equal weight of this compound, dissolved 
in pyridine, a yellow precipitate began to separate. Precipitation was completed by addition 
of dilute hydrochloric acid, and the product recrystallised from o-dichlorobenzene to yield 
1 : 4-di-tert.-butyl-2 : 5-ditoluene-p-sulphonimidobensene (IV) in bright yellow prisms, m. p 
258—260° (decomp.) (Found: C, 63-6; H, 6-5. C,,H,,O,N,5, requires C, 63-9; H, 65%). 


[he authors are indebted to Dr. J. W. Minnis for the microanalyses and to the Carnegie Trust 
for the Universities of Scotland for a grant. 
Heriot-Watt CoLLece, EDINBURGH. Received, December 12th, 1955 


375. Phenoxyacetic Acid, 
By R. Brerrie 


lure condensation of phenol and chloroacetic acid in aqueous alkali*” gave poor yields 
of phenoxyacetic acid. This acid was, however, obtained in excellent yield from the 
hydrolysis of ethyl phenoxyacetate, which was prepared by the reaction of phenol with 
ethyl chloroacetate and sodium iodide in acetone, in the presence of potassium carbonate 
(cf. ref. 4) 

The preparation of phenoxyacetone from phenoxyacctic acid by Blaise’s general 
method ® is also recorded. 


Experimental,—Phenoxyacetic acid. Phenol (18-5 g., 1 mol.), ethyl chloroacetate (26 g., 
1 mol.), sodium iodide (30 g., 1 mol.), and anhydrous potassium carbonate (28 g.) were refluxed 
for 12 hr. in dry acetone (100 ml). The mixture was then stirred into a large volume of water, 
and the solution extracted with ether. Unchanged phenol (4-4 g.) was removed with aqueous 
alkali. Distillation then gave ethyl phenoxyacetate (21:8 g., 62%), b. p. 140--144°/24 mm., 
which was hydrolysed by 10% aqueous potassium hydroxide, affording phenoxyacetic acid 
17-0 g., 90%), m. p. 99° (Koelsch * records m. p. 98-—-99°). 

Phenoxyacetone. An ice-cold solution of phenoxyacetyl chloride {from thionyl chloride 


1 Mameli, Gazretta, 1926, 56, 762. 
an Alphen, Rec, Trav, chim., 1926, 46, 148 
Koelsch, |. Amer. Chem. Soc., 1931, 63, 304 

* Mauthner, /. prakt. Chem., 1937, 148, 95 
Blaise and Piccard, Ann. Chim. phys., 1912, 26, 274 
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and the acid (8 g.) in benzene] in toluene (16 ml.) was gradually added to a vigorously stirred 
lution of methylzinc iodide {from methyl iodide (21 g.) and zinc-copper couple ® (18 g.)) in 
toluene (20 mL) and ethyl acetate (6 ml.), The mixture was then poured on ice, Phenoxy- 
acetone (2-6 g., 32-56%), b. p, 127-——-128°/23 mm., was isolated by the usual procedure, and 
purified through its bisulphite compound,’ The semicarbazone had m. p. 172° (from ethanol) 
Stoemer * records m. p. 173°). 


DeraxtMent or Biocuemistry, Oxrorp University. (Received, December 14th, 1955.) 


* Howard, J. Res. Nat. Bur. Stand., 1940, 24, 677. 
stoermer, Ler., 1806, 28, 1253. 
* Idem, Annalen, 1900, $12, 273 


376. The Preparation of (“C\Dimethylamine and [(!*C|Dimethyl- 
nitrosamine. 


sy (Mrs.) A. H. Dutton and D. F. Heatu. 


4C-LABELLED dimethylamine and dimethylnitrosamine were prepared from labelled 
methyl iodide in high yield on a 0-1 g. scale. Excess of N-methyltoluene-p-sulphonamide 
was converted into its dimethyl homologue with methyl iodide in alcoholic potassium 
hydroxide; the dimethyl was separated from the methyl compound by extraction of the 
former with benzene from alkiJine solution, and was hydrolysed. The dimethylamine 
released was separated by distillation from 2n-sodium hydroxide and estimated by titration 
(yield 78°, on methyl iodide). The hydrochloride was concentrated to a small volume and 
converted nearly quantitatively into dimethylnitrosamine with sodium nitrite in glacial 
acetic acid. The product was separated and concentrated by distillation from 3n-sodium 
hydroxide, and estimated by the method of Heath and Jarvis.' 

rial runs presented two features of interest. First, the dimethyltoluene-p-sulphon 
amide melted at 80-6—81-1°, 6° lower than given by Steinkopf.* So we made the com 
pound also from dimethylamine and toluene-p-sulphonyl chloride, and obtained a 
recrystallised product, m. p. 80-4—81-1°. Chaplin and Hunter ® also give m. p. 80-81’, 
which therefore appears to be correct. Secondly, neither of the two known methods 
for hydrolysing sulphonamides is simple. Hinsberg* used concentrated hydrochloric 
acid at 150—160°, Fischer ® concentrated hydriodic acid and phosphonium iodide at 100 
Dimethylamine is released quantitatively from dimethylsulphonamide by the action of 
concentrated hydriodic acid alone for 2 hr. at 100°. The method is relatively simple and 
safe, and should be applicable to the preparation of other amines 


i: xperimental.—-N-Methyltoluene-p-sulphonamide, prepared by the method of Remsen and 
Palmer,® had m., p, 77-6-—-78-4°. Reverdin ’ gives m. p. 78—-79°. 

Labelled NN-dimethyltoluene-p-sulphonamide, Labelled methyl iodide (0-1 mc in 2-6 mg.), 
purchased from the Radiochemical Centre, Amersham, Bucks., was diluted with inactive methy] 
iodide in a vacuum manifold system, The total weight, calculated from the pressure in a bulb, 
was 247 mg. (1-74 mmoles), This was frozen by liquid nitrogen into a bulb containing methyl 
toluene-p-sulphonamide (370 mg., 2-0 mmoles), potassium hydroxide (130 mg., 2-28 mmoles), 
and 70% aqueous ethanol (4 ml.), The bulb was sealed under a vacuum and kept at 76° in a 
carbon tetrachloride vapour bath for 72 hr. The mixture was then transferred to a flask and 
concentrated, Sodium hydroxide (35 ml.; 3n) was added and the solution extracted with 
benzene (40 ml.). The benzene layer was washed with 3Nn-sodium hydroxide (15 ml.) and 
concentrated to dryness in a heavy-walled tube of 10 ml, capacity (yield, 270 mg., 78% on 


1 Heath and Jarvis, Analyst, 1955, 80, 613. 
Steinkopf, prakt, Chem., 1927, 117, 25. 

' Chaplin and Hunter, /., 1937, 1114. 

* Hinsberg, Annalan, 1801, 265, 179. 
Fischer, Ber., 1015, 48, 93. 

* Remsen and Palmer, Amer. Chem. ]., 1888, 8, 241 
Reverdin, Ber., 1900, 42, 15626 
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M,. p.s were taken in 
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methyl iodide), The purity of the labelled product was not checked. 
trial runs, with the results already described. 
Dimethylamine. Wydriodic acid (8 ml.; d 1-94) was added to the dimethylamide in the buib, 
and the bulb was sealed and kept at 100° for 2 hr. in a steam-bath. The contents were then 
diluted and extracted with benzene to remove by-products. The benzene layer was washed 
with water, the aqueous layer and washings were treated with sodium hydroxide (12 g. per 
100 ml. of solution), and half the solution was distilled into 0-1n-hydrochloric acid (15 ml.). 
The dimethylamine was estimated by titration after redistillation from sodium hydroxide 
solution (yield, 100%, on dimethyltoluene-p-sulphonamude). 

Dimethylnitrosamine, The dimethylamine solution was slightly acidified with hydrochloric 
acid and concentrated to 5 ml., and glacial acetic acid (5 ml.) and sodium nitrite (3 g.) were 
added and allowed to react for 10 min. at 25°. The product was diluted to 45 ml., sodium 
hydroxide (7 g.) added, and half the mixture distilled. The distillate contained the dimethy! 
nitrosamine, which was estimated polarographically ' (yield, 98:8 mg., 99% on dimethylamine, 
77% on methyl iodide), 

Identification and estimation of products. Dimethylnitrosamine was prepared as a dilute 
aqueous solution, from which it is not readily separated. ‘The polarographic wave-form agreed 
with that of samples of known purity. Dimethylamine has been estimated by conversion into 
dimethylnitrosamine and polarographic estimation of the product. In our experiments the 
estimation of dimethylnitrosamine constitutes an estimation of dimethylamine, and agrees 
within experimental error with the yield estimated by titration, 


ir, Serum Reszarcnu InstTirure, 


MepicaL Resgarcn Councit, Toxicotocy Resxarcu Un 
(Received, December 15th, 1965.) 


WOODMANSTERNE ROAD, CARSHALTON, SURREY 
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377. Steroids and Walden Inversion. Part XXXI.* The Solvolysis of 
Cholest-4-en-78-yl (-Cholesteryl) Toluene-p-sulphonate. 


By C. W. SHoprez, G. H, R. Summers, and R. J. W. WILLIAMs, 


MerHaNotysis of cholest-4-en-7B-yl (-cholestery!) toluene-p-sulphonate (II) in the 
presence or absence of potassium acetate has been shown ! to yield cholesta-4 ; 6-diene (1) 
and a methyl ether provisionally regarded as 76-methoxycholest-4-ene (III; R = Me); 
the identity of the latter compound has now been confirmed by its demethylation to 
cholest-4-en-7B-ol (y-cholesterol) (III; R =H). Acetolysis of the ester (II) with acetic 
acid and potassium acetate furnished cholesta-4 : 6-diene (11%) (I) and cholest-4-en- 
7f-yl acetate (70%) (III; R= Ac); hydrolysis in aqueous acetone in the presence of 
potassium acetate yielded the diene (145%) (1) and the alcohol (78%) (IIL; R = H). 
Reduction of the a a (II) with lithium aluminium hydride gave cholest-4-ene 
(85%) unaccompanied by 5 : 7-eyclocholestane (cf. Karrer and Schmid *). 


CL COL, - COL, enn 


(11) (IIT) 


It thus appears that reactions which convert 36-substituted A°-steroids into derivatives 
of 3: 5-cyclocholestane do not permit the conversion of cholest-4-en-76-yl toluene-p- 
sulphonate into derivatives of 5:7-cyclocholestane even though intervention of the 
n-electrons of the 4; 5-double bond does occur to preserve configuration at Cg. The 


* Part XXX, J., 1056, 1649. 


' Cremlyn, Rees, and Shoppee, J., 1954, 3790. 
* Karrer and Schmid, Helv. Chim. Acta, 1949, 32, 1371. 
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predominant behaviour is replacement with retention of configuration |Sy1} accompanied 
by elimination [£1),** insofar as weakly nucleophilic agents are involved. 


le xperimental,—-All rotations are in CHCIL, 

Cholest-4-en-7(-yl toluene-p-sulphonate, m, p. 134-—136°, [a|, 4-19° (c 0-9), was refluxed 

) methanol and anhydrous potassium acetate (cf. Cremlyn ef al.4). Chromatography of 

product yielded cholesta-4 : 6-diene, m, p. 87-—-90°, [a], +-9° (c 0-82), and an oily methyl! 
ether, [a%|, + 71° (c, 1-0), Agay, 211 my (log ¢ 3-41). 

Ihe methyl ether (155 mg.) in acetic acid (15 c.c.) and water (0-7 c.c.) was refluxed with 
bydrobromic acid (0-7 c.c.; 60%) for 15 hr. ‘The dark red solution was diluted with wate: 
and extracted with ether. The ethereal extract, after being washed with saturated sodium 
hydrogen carbonate solution and water, yielded on evaporation a brown oil which was chrom 
atographed on aluminium oxide (6 g.). Elution with pentane, benzene~pentane (1:9; 1: 1), 
and benzene gave yellow oils, whilst elution with ether and ether—acetone (1:1) gave cholest 

] 17 mg.), m. p, and mixed m, p. 118-——121°, {«],, + 80° (c 0-7). 
of cholest-4-en-70-yl toluene-p-sulphonate, This toluene-p-sulphonate (500 mg 
drous potassium acetate (800 mg.) in acetic acid (24 c.c.) were heated at 95° under 
conditions for 4 hr. The acetic acid was evaporated under reduced pressure and the 
yellow oil (394 mg.), isolated in the usual way and chromatographed on neutralised 
m oxide (Woelm; activity!; 24g.); elution with pentane (12 x 20 c.c.) gave cholesta 
48 mg.), m. p, 88-—89°, (a), 49° (¢ 0-3), whilst elution with benzene—pentane (1 ; 1) 


j 
"70 


and benzene (3 x 20c.c.) gave cholest-4-en-76-yl acetate (276 mg.), m. p. 94—-96°, 
0-92) (cf, Petersen and Chen °), 

is of the toluene-p-sulphonate, The toluene-p-sulphonate (500 mg.) in acetone 

ul water (9 c.c.) was refluxed with anhydrous potassium acetate (1-4 g.) for9 hr. The 

yas poured into water and the product isolated by means of ether, To ensure absence 

the product was refluxed with 5% ethanolic potassium hydroxide (20 c.c.) for 0-5 hi 

vith ether and working up in the usual way gave an oil (360 mg.), which was chrom 

1 on neutral aluminium oxide (Woelm; activity I; 11 g Elution with pentane 

) gave cholesta-4 : 6-diene (49-5 mg.), m. p. 90°, [o 5), whilst elution with 


ether (2 50 c.c.) gave cholest-4-en-74-cl (280 mg.), m,. p. 1: 24°, (a), +81° (c 0-82 
fo other product was isolated. 

Reduction with lithium aluminium hydride. The toluene-p-sulphonate (500 mg.) in anhydrou 
ether (50 c.c.) was refluxed with lithium aluminium hydride for 17 hr. Working up in the usual 
vay gave an oil (355 mg.), which was chromatographed on aluminium oxide (11 g.). Elution 
vith pentane gave cholest-4-ene (300 mg,), m. p. and mixed m, p. 74—-76°, [a], + 58° (¢ 0-96) ; 
further elution with pentane gave an insignificant amount of material, whilst use of ether gave a 


my, 


trace of oil (7 mg.), and no detectable amount of cholest-4-en-7(-ol 
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The Photosynthetic Carbon Cyele.* 


NARY iI-ECTURE, DELIVERED BEFORE Tiil CHEMICAL DOCIETY, IN THE ROOMS 
INSTITUTION oF Civit ENGINEERS, LONDON, ON OctroBER 20TH, 1955, 
AND AT THE UNIVERSITY, GLASGOW, ON OcTropberR 28TH, 1955. 


By Mervin CAaLvin, 


1x of you may have heard parts of this Lecture three or four years ago but it has materially 
changed since then in two ways. One is that we now know what the photosynthetic carbon 
cycle is, and it has been carried out, I can tell you now, in its entirety in the absence of living 
materials or formed parts of living cells. It has been carried out by a separate collection of 
soluble chemicals so that we are quite sure what it is, and now we can talk about it with a high 
degree of confidence. 

When the work first began, we called it ‘‘ the path of carbon in photosynthesis,’’ which is a 
more or less general description of how carbon passes through the plant from the condition of 
carbon dioxide to the condition of carbohydrat At the time that the title was invented we 
really did not know what kind of sequence of chemical! transformations would be involved, One 
of the reasons that the title has changed from “ the path of carbon "’ to “ the photosynthetic 
cycle ’’ is that now we know that it is a cyclic operation and that we can define exac tly the 
compounds involved, 

lhe discussion will be roughly divided into two fairly distinct parts; the first part involves 
the description of the set of chemical transformations which the carbon atom of carbon dioxide 
undergoes on its way from carbon dioxide to carbohydrate; and the second part describes the 
state of our knowledge of how the electromagnetic energy which is captured by the chlorophyll 
in the green plant is used to accomplish that series of transformations, since the series of 
transformations—carbon dioxide plus water to give carbohydrate and oxygen—is an upgrade 
one, that is, one in which energy is stored. That energy, ultimately, as we know, must come 
from the electromagnetic radiation absorbed by the chlorophyll 

Now, actually, the latter part of the discussion is on a different plane with respect to the 
degree of certainty than is the way in which the energy is used in transforming the carbon 
skeleton. 1 appraise you of this fact at the beginning so that you may be conscious of the 
transition some time toward the middle of this discussion 

This question of the biosynthesis of carbohydrate from carbon dioxide was originally the 
exclusive province of organic chemists. As a matter of fact, the founders of organic chemistry 
are rather closely associated with the early attempt to describe the biosynthetic mechanism of 
carbohydrate synthesis. Liebig, Emil Fischer, and, more recently, Willstatter and Stoll are 
very closely associated with the early attempts to describe the sequence of transformations that 
lie between carbon dioxide and carbohydrates. In general, these speculations were based upon 
structural analogies—upon the structural features of carbohydrates—-and also upon certain 
kinds of deductions with respect to the nature of the reactions which the chemist could carry out 
and is familiar with in the laboratory. As it turns out, you will see that none of the speculations 
of Liebig, Fischer, or Willstatter has been substantiated, and in place of these we have 
discovered that the natural route by which carbon is converted from carbon dioxide into sugar 
is, in some senses, much simpler than the routes proposed by these earlier chemists and, in 
nother sense, much more complex. Thus, the principles of the transformations are simpler, 
but the actual details of the transformations are more complex. I hope, perhaps, to be able to 

it some of these things 
illstatter and his predecessors were confined more to structural analogy in their attempts 
e a biosynthetic route, We were much more fortunate-—roughly 40 years later-—-because 

e in our hands a method of examining the detailed stages of the transformation which is 

ndent of structural analogy. This method depends upon the availability of tracer carbon, 

long-lived radioactive carbon, This one happens to be “C which has a half-life, as 
1 know, of 5000 years so that there is ample time, although I must admit that at the beginning 
his work it looked as though we might not have plenty of time. The method, in principle, 


of t 
was very simple, We knew that the green plant absorbs carbon dioxide and ultimately, through 
the agency of the absorbed light, causes it to react with water, or the elements of water, and 
finally to produce carbohydrate. We know this much: but we didn’t know what lay between 


* The work described in this Lecture was sponsored by the | Atomic Energy Commission, 


1806 Calvin: The Photosynthetic Carbon Cycle. 


the two ends, and in principle it became a straightforward matter to feed the plant with labelled 
carbon dioxide and take a series of time snapshots as the carbon passes from carbon dioxide into 
the plant through all the chemicals that it has to go through and arrives in carbohydrate. It 
clear that there must be a sequence of intermediates—the early ones should become labelled 
first and the later ones later, and eventually, of course, the label will appear in carbohydrate. 
© the principle of what I will call “ appearance-rate experiments "’ is perfectly straightforward. 
These were the first types of experiments which we performed. 

We set up a plant in what we may call a “ steady state ’’ of photosynthesis: that is, the 
plant was absorbing carbon dioxide, light, and water, and ejecting, or, if you like, throwing off 
oxygen and storing away carbohydrate; this is a “ steady state.’’ Carbon is coming in at one 
end and the carbohydrate is being deposited at the other, and in between—-or somewhere along 
the line-—-oxygen is evolved. Now, at a given instant of time we inject into the incoming stream 
of carbon, labelled carbon atoms in the form of labelled carbon dioxide. Then we take a series 
of photographs in time of the chemical distribution of the radiocarbon as it passes into the plant. 
We will then have performed, in essence, the basic experiment of an appearance-rate curve. 
The problem, of course, is, first, to select the proper biological material, and, secondly, to devise 
a method which will give us the proper photograph of the distribution of the radiocarbon in the 
plant. The first of these was practically determined for us, There was little choice remaining 
because of the highly developed state of knowledge of algal growth. Two requirements were 
determining. One was the desire we had to handle the biological material as nearly as possible 
in the same way as chemicals. One cannot do that with an entire plant but one can with a 
bottle of alg; one cannot treat it quite like a bottle of chemicals off the shelf, but this was our 
predisposition and for this reason we used algw primarily for our early experiments, The 
second factor was that the alge which we used had been used previously in a wide variety of 
photosynthetic experiments, so that the general technique of growing them in a small way had 
been already developed, We had to develop it much further because our method of examining 
the algae was much more precise and more detailed than had previously been used, Therefore, 
alge that were grown in batches each day were not good enough for our purposes. We soon 
found out that they were not chemicals—that they varied from day to day if good care was not 
taken of them-—-and it became necessary for us to provide our own algw farm in which we grew 
the algw under extremely closely controlled conditions so that the suspension of the alge that 
we used each day would do the same thing each day. This was, you might say, an elementary 
requirement of scientific investigation—that the bottle which you believed to be the same shall 
actually be the same, As I said, it required the development of our highly controlled alge 
farm and we have been improving it ever since as our methods of investigating the product 
became more delicate and more precise. 

Of course, we begin to detect variations even in the alga of today and we have to continue to 
improve their culture. Another sort of thing which we have done, I might say, is to use a wide 
variety of plants, and the conclusions which we have drawn with alge we have been able to 
demonstrate throughout the plant kingdom—in fact, from the blue-green alge which are very 
closely related to bacteria through plants such as the mosses and grasses, to the leaves of the 
higher plants. 

The plant material having been selected for our major work, namely, the alge, it was easy 
enough to set them up in a steady state of photosynthesis and then to take little samples of them 
at various intervals of time after the radiocarbon had been introduced and drop them into boiling 
alcohol which, in effect, stops all the biological reactions, destroying the activity of the enzymes 
involved in the reactions, Then it became necessary for us to devise a method of analyzing the 
extract that was so produced. 


These extracts were first mixture-extracts—made by extracting first with 80% alcohoi, 
then with 20% aleohol. Some of the materials were soluble in the 80% alcohol which was 
the original solution, Then it turned out that a good fraction of what we wanted was not 
as soluble in 80% alcohol as would be desirable, and the second extraction of the material 
was made with 20% alcohol, The two extracts were put together and the analysis made of the 
mixture. In the beginning we used classical organic analytical methods. We attempted to 
extract each compound that was present in macroscopic amounts—to purify it, crystallize 
it, and to measure its radioactivity. This was a very laborious procedure, and after a couple of 
years we identified one compound and it had only a small fraction of the total radioactivity that 
was in this plant after a minute or two. It was quite clear that we had to devise something more 
rapid—a general method of analysis—and this led to a combination of the elegant method of 
paper chromatography which had been developed for the analysis of protein hydrolysates in 
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England together with our method of examining the extracts for radioactivity, The two things 
together provided us with an extremely rapid, general, and useful tool for the analysis of the 
extract. The principles of two-dimensional paper chromatography have been amply described 
elsewhere and will not be repeated here. 

We are not interested in all of the compounds in the extract. We are interested only in 
those which have radiocarbon in them. I might say the amount of material we put on the paper 
is so small that, in general, when the chromatograms are made the dried paper looks just 
as it did at the beginning, except for small pencil marks where the original spot was. The 
chlorophyll actually is often visible on the paper, but most of the paper is quite colourless. 
We do not know what compounds we are looking for, not even their chemical nature, so we 
could not examine the paper by ordinary chemical means—that is, by colour tests—the 
only thing that characterizes them with certainty is the radioaetive carbon content, and those 
are the ones in which we are interested, This, of course, makes it very simple--we need no 
chemical spray to find the compounds we want on the paper All we have to do is find where 
the radioactive areas are, on the paper, which will then locate the compounds in which we are 
interested 

There are several ways in which this can be done. One is to put a small boy to work with a 
Geiger counter and have him explore the paper inch by inch, and we do that occasionally when 
we have a great deal of time or when we know approximately where to look, But the best way 
has turned out to be to place an X-ray film in contact with the paper, of the same size as the 
paper, and wherever there is a radioactive spot the X-ray film will be exposed. Before the 
exposure, we place a radioactive mark at two corners of the paper so that the relation of the film 
to the paper can be reproduced. Then we develop the film after a suitable length of exposure 
and get a series of dark spots on the film for the particular compounds in which we are interested 

rhe next problem is the identification of the chemical character of each of these areas, Here 
we begin to use our information as to the relation between the chemical structure and how the 
compounds migrate—-that is our first approximation. Then we use the more general technique 
of cutting out the radioactive spots of the paper, eluti:ig them with a suitable solvent, performing 
a chemical operation on the resulting 0-2—0-3 c.c. of solution, then putting it back on paper and 
again running the paper in two-dimensional chromatography. From the behaviour before and 
after the chemical treatment and the location of the material in each case, we eventually can 
narrow down the chemical character of tht material, and the final identification of the material 
is achieved by mixing with the radioactive material the supposed chemical which it is, in an 
amount sufficient to give a colour test. By that time there will already be enough information 
about the chemical character to have devised a suitable colour test for it on the paper and then 
to show the absolute coincidence of the radioactivity and the colour test. The amount of 
chemical which is extracted from the plant and is radioactive is negligible compared with the 
amount we add for the chromatography, so that the colour test is given only by the material 
which we add. Radioactivity is given only by the material which was extracted from the plant 
and the two things coincide exactly; not “‘ nearly ’’ in the centre of gravity of the spots but in 
the shape—the spots are never simple, they have very irregular edges. The two things have 
to correspond exactly in every respect before we consider the identity of compounds established 

This, then, is the general analytical technique. The results of the first experiments are 

hown in the first two Plates. Fig. 1 shows the result of a 60-sec, exposure; this happens to 

be for one type of alga; the black spots that we get are clearly separated. In 60 sec, there 
ire perhaps a dozen or more compounds formed with radiocarbon in them and some of them 
contain large amounts of radiocarbon; so from this alone we recognize that 60 sec. is much 
too long 

Now Fig. 2 shows a much shorter exposure time of 10 sec. with different but very closely 
related alga. To a chemist they are very much alike, but it turns out that for other purposes 
we will see later in the discussion—the difference between these two organisms has become 
of significance. For the most part the earlier compounds have disappeared and one 
compound has become predominant, namely phosphoglyceric acid. When this was done on as 
quantitatively kinetic a basis as we could later do it, and a plot was made in terms of percentage 
of the total radioactivity which occurs in each compound, and this percentage then extrapolated 
back to zero time, this compound (phosphoglyceric acid) does indeed extrapolate to very nearly 
100%. 

Now phosphoglyceric acid (PGA) is a compound which contains three carbon atoms, and the 
next question that arises is which of the three carbon atoms contains the greatest amount of 
radioactivity. This was established by breaking the acid apart by established chemical 
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methods, so that we knew precisely which carbon atom was which, in a separated form This 
was done, with the result shown in Fig. 3. 
[his shows the distribution of radioactivity in the three carbon atoms; it is a 15-second 


nthetic experiment in barley. Actually, it looks as though I have done this with a 
there are three different plants here; that is, Chlorella on the first figure, Scenedesmu 


Fic. 3. Distribution of labelled carbon in photosynth experiments, 
Hexose 


OF *—-— 
CHOH 5 


CH,OH 4 
15 sec. P.S. Barley 


on the second, and barley on the third, I assure you this was quite accidental; I didn’t pick 
them out to have three different organisms, But it does illustrate the basic point I tried to 
make earlier, namely, that the fundamental conclusions which were drawn have actually been 
checked with about twenty different plant materials and they differ only quantitatively 

qualitatively they are the same. Notice that the distribution of the carbon in glyceric acid 
from 15-seconds photosynthesis in barley shows most of the radioactivity in the carboxyl group 
ind the rest of it equally distributed between C,,, and C,, From the same experiment we 
extracted some hexose and degraded it, and here you notice that the distribution of radio 
activity is such that it appears that the middle two carbon atoms of the hexose are formed 
from the carboxyl group of the glyceric acid and the outer four correspond to the a- and 6-carbon 
atoms of the glyceric acid. This very early finding suggested immediately that the hexose was 
made by a reversal of the well-known glycolytic fission of the six-carbon piece into two three's 
in such a manner that the middle carbon atom arises from the carboxyl group of the phospho 
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glyceric acid which is just reduced to an aldehyde group, I might say that this has since been 
confirmed in a variety of ways and the detail of this relation is shown in Fig. 4, in which the 
phosphoglyceric acid is shown as first reduced with two equivalents of reducing agent to form 
labeiled glyceraldehyde, There is one point that must now be emphasized, namely, that as the 
time is shortened the radioactivity appears more and more in the carboxyl group of the glyceri 
acid, So in the very shortest times which we have been able to use it is practically all in the 
carboxyl group and none in the «- or 6-carbon atom. 

Fig. 4 shows the relation of the glyceraldehyde to the corresponding keto-triose which then 
come together head-to-head, to form the hexose with the two erstwhile carboxyl carbon atoms 
in the middle. It is the well-known aldolase fission of fructose diphosphate in the reverse 
direction, which is well established in yeast, and now we have it going forward in the green 
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plant—at least from the phosphoglyceric acid to fructose diphosphate. The fate of the fructose 
diphosphate has been elaborated further since most of the carbon eventually shows up in some 
form of free carbohydrate. As a matter of fact, in most of our plants it shows up first as sucrose 
itself. It became of interest to us to see if we couldn't find out how sucrose was made from 
fructose diphosphate. This turned out to be not too difficult after some of our additional spots 
had been identified. One of them, namely, the uridine-diphosphoglucose (UDPG), turned out 
to be of great importance. When we recognized it, we knew only that it was one of the very 
early labelled compounds and labelled only in the glucose moiety. The questions hv it got 
there and what its fate was immediately arose and we suggested an answer which has since 
been confirmed by individual enzymic experiments by Leloir. 
are shown in Fig. 5. 
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rhe first unphosphorylated carbohydrate compound that we could identify was sucrose and, 
therefore, it became necessary for us to devise a way of going directly from the phosphorylated 
hexoses to sucrose. Now one of the early intermediates which we identified was uridine 
diphosphoglucose, and the label was all on the glucose This is a very labile compound; it 
is extremely easily hydrolyzed to free glucose. It is one of the few glucose compounds that is 
more easily hydrolyzed than glucose l-phosphate. We suggested, since we saw no free labelled 
hexose, that is, no unphosphorylated hexose, that the sucrose was synthesized by an exchange 
reaction between the glucose of uridine-diphosphoglucose and the proton of the 2-hydroxyl 
group of fructose 1-phosphate to form urdine diphosphate and sucrose phosphate, Now the 
phosphorus is at position 1 of the fructose moiety and then this loses its phosphate to yield 
sucrose 

As | said earlier, this basic notion has since been confirmed by Leloir who has prepared 
enzyme extracts which will carry out such reaction rhe first which he found used, not fructose 
phosphate, but fructose itself and uridine-diphosphoglucose to make sucrose directly, and more 
recently he has found an enzyme system which will catalyze the reaction of uridine-diphospho 
glucose with fructose phosphate to make a sucrose phosphate. I might say that we had also 
found sucrose phosphate in the plant, although in extremely minute amounts Thus, we have 
completed the sequence from carbon dioxide ail the way to the major product, sucrose, beginning 
with phosphoglyceric acid as the first identifiable compound isolated from the plant. 

Now a glance at Fig. 4 implied that the reaction was such as to indicate that something 
must combine with the carbon dioxide to make directly carboxyl-labelled phosphoglyceric acid 
Che arithmetic suggests that this something should be a two-carbon compound or one which 
yields a two-carbon compound extremely easily. In the search for that precursor to phospho 
glyceric acid that acceptor of carbon dioxide which leads to phosphoglyceric acid-——we identified 
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everything but a two-carbon compound, Instead of finding it, we found a five-carbon sugar, 
ribulose diphosphate (RDP), and a number of related five-carbon sugars, ribose 5-phosphate 
and ribulose 5-phosphate (Fig. 6). We found, still more surprisingly, the seven-carbon sugar, 
sedoheptulose monophosphate (SMP). There is also sedoheptulose diphosphate present, but 
ribulose diphosphate and sedoheptulose monophosphate are the compounds which are present in 
largest amounts, although the diphosphate of the C,-sugar and the monophosphate of the C,- 
ugar are also present. Of course, we found, in addition to fructose diphosphate, fructose 
monophosphate, glucose monophosphate, and mannose monophosphate; these are all to be 
understood in Fig. 6 in the group of hexose monophosphates (HMP). [but no two-carbon pieces 
appeared that might conceivably be progenitors of the a- and §-carbon atoms of phosphoglyceric 
acid Obviously, it became necessary for us, not only to identify these compounds and to get 
their appearance curves as whole compounds, but also to go much further than that: actually 
to degrade all of these compounds, one carbon atom at a time, and draw appearance curves of 


the individual carbon atoms in these compounds. 
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nce our experiments to determine the first isolable compound 
ask why we did not take the phosphoglyceric acid (and triose) out of the calculation and imply 
plot the percentage of the radioactivity in the remaining compounds as a function of time and 

i next approached 100% after the phosphoglyceric acid and triose had been subtracted 


were so successful, one might 


| that, but we were shocked and puzzled to discover that no one compound extrapolated 
bac » 100% at zero time but three of them extrapolated back to finite values—none of them 
100 They all added up to 100%, but none predominated over the others. These thre 
were the pentose, the heptose, and the hexose, and we could not distinguish one as dominant 
over the others. You will note later why that situation arose. The simple appearance-curve 
analysis broke down and it failed us on the very next step of the analysis. Even when we 
proceeded to the individual carbon atoms, it failed us. We could notice as we analyzed the 
distribution of carbon in these four compounds, including phosphoglyceric acid (see Fig. 6), 
which seem to be the basic ones of the whole group, that there were very pecyliar relations 
between them, The stars represent the approximate degree of relative radioactivity among the 
\toms in each of these compounds. I shall not go through the very complex and rather 
detailed arguments which permitted us to determine the relations between these 
ds You will note that there is no simple relation between them; ¢.g., the five-carbon 
not appear with this distribution anywhere in the seven- or the six-carbon 
ls; the six-carbon fragment does not occur with its own distribution anywhere in th« 
carbon material; in fact, there is no simple relation but we were able to devise an 
unequivocal relation between them by careful analysis of the kind that led to the establishment 
f the relation between the triose and the hexose. We were able to establish the connection 
between the hexose, the pentose, and the heptose. Figs. 7 and 8 show the relations we were 
ible to deduce, 
lig. 7 shows the route of formation of the pentoses. The right-hand symbol is the 
tribution of the label that we find in the pentose, and once we realized that the pentose 
ribulose diphosphate was what we were analyzing) might possibly arise from two different 
ources it became possible for us to devise a unique scheme which would give it. This, then, 
provides the source of the pentose—the triose to which the top two carbon atoms of the heptose 
have been added to give two pentoses, viz., ribulose 5-phosphate, which comes from the top two 
carbon atoms of heptose plus the triose, and the ribose monophosphate which comes from the 
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bottom five carbon atoms remaining from the heptose. The two together then are both 
converted into ribulose diphosphate and the analysis of the ribulose diphosphate, which is what 
we performed, gives the distribution which we found. While this is fine-—it gives us the relation 
between the pentose, the triose, and the heptose—-we still have to devise a way of creating the 
heptose, Now notice that we cannot create that heptose from pentose because we are using it 
to make pentose. So we have to devise another way of making the heptose. There is only a 
limited number of ways in which this can be done. It could be made, presumably, from hexose 
plus one carbon atom, but there is no way in which to make it from one carbon atom and hexose 
with the type of label which we have. If that were the case—if that one carbon atom were to come 
from carbon dioxide—then eventually, in the shortest possible time, in the heptose there should 
appear at least one carbon atom which is “ hotter "’ than all the others, and this was never the 
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case; even in a fraction of a tenth of a second the heptose had the distribution shown. If any 
thing, C,,, and C,,, were always equally labelled (or very nearly always equally) and Cy, less so 
at the shortest times (a fraction of a tenth of a second). So we had to devise another way of 
making this heptose and there is only one way left If one may not use either the hexose and a 
one-carbon fragment, or the pentose and a two-carbon fragment, one must make it from a 
tetrose. If one makes it from the tetrose, the other part must be a triose-—and we have plenty 
of triose. We now have the problem of making a tetrose with the proper labelling. Fig. 8 shows 
how this can be done. 

We take the same reaction which we used to make the pentose from the heptose : 
two carbon atoms of the keto-hexose added to triose make another pentose and a tetrose with 
This tetrose, then, combines with the triose to make (with the 


the top 


the required type of labelling. 
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ame enzyme which makes the hexose from two trioses, that is, one ketose and one aldose) the 
heptulose diphosphate with the distribution we need, This, then, is the source of the heptose. 
\gain it comes from hexose and triose via the reactions of Fig. 8. 1 might say that as this work 
progressed, as we devised these schemes and came to the conclusion that this must be the way 
in which these compounds are formed, the enzymologists shortly after our discovery of the 
universal appearance of the seven-carbon sugar in all plants, found it also in animal tissue and 
then they proceeded to search for the enzyme that would do this reaction—and, indeed, they 
found it All of these reactions have now been carried out as separate reactions by suitable 
enzyme rhus, we now have found the relation between the triose, pentose, heptose, and 
hexose, but none of this had led us to the answer we were seeking, namely, the precursor of the 
phosphoglyceric acid, 

[his required a different type of experiment, in which the radioactivity was used to determine 
the total pool sizes in the plant In other words, by following the appearance curves long 
enough we have found, as shown in Fig. 9, that certain of the compounds “ saturated ’’ and then 


did not become more highly radioactive. Certain others continued to increase in radioactivity 
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of others rises and these become “ saturated '’ within five minute Much more carbon has gone 
into the plant than exists in these three radioactively saturated compounds but most of it 1 
This immediately suggests that these three compounds are involved in some 
‘ saturated "’ very quickly the amount of carbon going 


tored in sucrose 
ort of a cyclic operation and become 
to sucrose exceeds in amount the total amount of these three compounds. They will, 
e, become “ saturated "’ with respect to radioactivity which will not change further as 

ses through these compounds and is laid up in sucrose 
as more evidence, then, for the cyclic system but it ill did not explain what the 


le acceptor was rhis explanation came only when we | irned off the light in such 
of some of the « om pounds 


tate experiment to see what happens to the actual amount 

© that saturate '’ are the three we are most interested in; the triangular points are 
ribulose diphosphate, the circles are phosphoglyceric acid, anc the squares consist mostly 
iexose monophosphate with some heptose monophosphate Now notice what happens 
switching off the light, which provides the reducing agents necessary to reduce the 

to sugar: activity of the ribulose diphosphate suddenly falls and that of the phospho 
glyceric acid suddenly rises. Now it is already clear that the triose has its origin in the 
hoglyceric acid by reduction, and as soon as the light is removed reduction of glyceric acid 
to glyceraldehyde ceases. So the activity of the acid starts rising, but the corresponding fall 
he ribulose diphosphate focused our attention on this as the possible source of the two 
carbon atoms, i.¢., of the precursor of the phosphoglyceric acid rhe fact that this diphosphate 
tivity fell by approximately the same amount as that of phosphoglyceric acid rose suggested that 
the two were closely related, and that in the way that we needed to make ribulose diphosphate 
five carbons plus one carbon dioxide molecule make two 


phos} 


the rbon dioxide acceptor and its 
phoglyceric acid molecules. Now this completes a cyclic sequence which will be shown 


rammatically below 
9 is included more or less for historical purposes because it is the first run of this sort 
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which focused our attention on ribulose diphosphate as a carbon dioxide acceptor. Since that 
time we have done the experiment again and Fig. 10 is a nice illustration of what happens when 
It shows the same experiment done two years later: here the 
beautifully 
from which 


you know what you have. 
ribulose diphosphate activity falls and the phosphoglyceric acid activity rises, 
confirming the original experiment in which there were only one or two points but 
we made the proper guess. 


10. Light-dark transients in phosphoglyceric acid and ribulose diphosphate activities 
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Fig. 11 shows diagrammatically the cycle which we had been leading up to, Here is ous 
phosphoglyceric acid which is reduced to triose phosphate by a reducing agent. The reducing 
agent has its origin in the light. The light in some way photolyzes water to produce a reducing 
agent and an oxidizing agent which ultimately becomes molecular oxygen, The reducing 
agent is used to reduce phosphoglyceric acid to triose. The triose then undergoes-——this is 
a series of transformations such as those we have already seen 


already at the sugar level now 
>, are, and we will 


in the relation between pentose, hexose, and heptose—that is what A, B, et 
come back to that in a moment-—eventually leading to ribulose diphosphate, Everything 
builds up to ribulose diphosphate which then carboxylates to give phosphoglyceric acid, The 
light experiment (Fig. 11) is the one in which we turned off the source of [H], in effect, by turning 
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off the light We block that point of the cycle and what has happened is that phosphoglyceric 
acid has built up and ribulose diphosphate has fallen, because if reduction of phosphoglyceric 
acid is blocked there is no source for the ribulose diphosphate but the carbon dioxide is still there 
to carboxylate it to give phosphoglyceric acid. This immediately suggests another type of 
experiment to check this simple diagrammatic cycle. ‘There are two points at which we get 
into this cycle as far as this diagram is concerned, We can get into it, or effect it, by changing 
the level of reducing agent and that is what we did by changing the light—we can get into it by 
changing the level of carbon dioxide, keeping the illumination constant. This is the other 
possible way in which we can induce transients in these pools. We did that experimient: it is 
much more difficult to do but it has been done. The predicted result is that ribulose diphosphate 
activity should build up and that of phosphoglyceric acid decrease in the initial phases of that 
transient We cannot see easily what happens afterwards, as will be discussed below, 
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Fig. 12 shows the results of such an experiment, showing the effect of dropping the carbon 
dioxide pressure from 1% to 0-003%. Now it takes a few seconds actually to get the carbon 
dioxide out of the system-—to change it (it is not like light which can be turned out). So the 
higure shows that our prediction is fully borne out. The first thing that happened after the 
carbon dioxide dropped was that the phosphoglyceric acid curve fell, On the other hand, the 
ribulose diphosphate curve rose, as predicted. This Figure actually contained a lot more 
information than that, If these things are related in a cyclic system as we had proposed and we 
suddenly throw into this cyclic system a change of one of the external conditions, which is 
involved in maintaining a steady state, we should see a transient travel around the cycle in both 
directions. We should see the transient going forward—clockwise—the phosphoglyceric acid 
curve is falling, then the triose curve should fall, then the ribulose monophosphate curve should 
fall, then the ribulose diphosphate curve should fall. That is the transient going around the 
forward way. On the other hand, in the transient going around the other way, the ribulose 
diphosphate activity should rise, then the ribulose monophosphate activity should rise and 
the triose activity should rise and the phosphoglyceric acid activity should rise. Now this pair 
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of transients travelling around the cycle will eventually meet and there is then an oscillation 
\fter the first one it is pretty hard to predict by simple inspection, although I suppose it would 
be possible, if one were absolutely right and knew all the rate constants, to put this thing into a 
calculator and await the result But, qualitatively, it is good enough for the present purpose 
Now the first curve to rise-jn the rising transients in the counter lockwise direction-—is 
that of ribulose diphosphate, the second thing, that of ribulose monophosphate, and the third 


that of the triose. The first curve to fall on the forward cycle is that of phosphoglyceric acid, 
the second that of the triose, then that of ribulose monophosphate and, finally, that of ribulose 
diphosphate This we consider a very good confirmation of the cyclic operation which we have 


] rhe rest of the fluctuations are much more complex because they are interrelated, 


prop on 
lhe 


now, with the take-offs from this cycle, and these things are for further investigation. 
method, | think, is established and is a very powerful one in examining the interrelations of a 
complex system of this sort. 

he details of the sugar transformations leading to the carboxylation of mbulose diphosphate 
we have already seen, so that we can now set up the entire cycle (Fig. 13). It contains all of 
the elements which we have discussed one at a time up to now. It contains the formation of the 
phosphoglyceric acid from ribulose diphosphate and carbon dioxide, also the reduction of the 
phosphoglyceric acid to phosphoglyceraldehyde; then the phosphoglyceraldehyde undergoes 
four different reactions in parallel. That is why we never see (as mentioned earlier) a second 
compound as the successor to phosphoglyceric acid (and triose), The steady-state level of 
triose was so small that we could seldom use it. We had to use things like the hexose, the 
pentose, and the heptose, and these all come in later. The triose and the hexose make the 
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tetrose and the pentose; the tetrose and the triose then get together to make the heptose almost 
certainly as the diphosphate, which then loses one phosphorus atom to make the heptose mono- 
phosphate, which then undergoes the same transketolase reaction as the first one-—the top two 
carbon atoms of the heptose combining with triose to make the two pentoses. Now these 
reactions in all cases lead to ribulose 5-phosphate which finally requires another phosphorus 
atom at position 1 to make the 1; 5-diphosphate. Thus, we are back again to a system capable 
of carboxylation. 

This, then, is the entire cycle. One starts with one each of these molecules and then by 
going around the cycle six times ends with one extra hexose molecule which we can now take off 
to form sucrose, according to the reaction developed earlier, As a matter of fact, carbon can be 
taken off at various other points of this cycle to make other important biological materials, but 
this is the major route from carbon dioxide to sucrose via this cycle. 


Fic. 13. The photosynthetic carbon cycl 
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Phere is one other thing to mention in connection with this cycle—it completes the story 
As stated above, the aldolase reaction (and isomerase reaction) had been known ten to fifteen 
years ago, in connection with the reverse process, the breakdown of sugar, so that they were well 
known as individual steps. As the work went along and the new substrates (ribulose and 
sedoheptulose) were discovered and the relations between them defined, the enzymes responsible 
for the required reactions were partially purified by the enzymologists. About the time when 
we finally decided what the new carboxylation was, which had not yet been described 
enzymically, it seemed wise for us to become enzymologists at least for a short time and try to 
demonstrate this reaction in a cell-free system. And we did that, We made extracts from 
both algz and spinach and we got our ribulose diphosphate out of the plant by paper chrom 
atography and cutting out the proper areas of the paper, This was the quickest way to get it 
rather than to try to synthesize it; it has not been synthesized yet. We tested the extracts for 
this reaction. It was all done by our technique of chromatography with radioautography,. 
I might say, first, that if we used unlabelled ribulose diphosphate and labelled carbon diomde 
in our reaction mixture and put the enzyme in, then all we got was labelled phosphoglyceric acid 
But this could have happened in a variety of ways. The phosphoglyceric acid so obtained was 
carboxyl-labelled. Now we wanted to do it the other way. We wanted to take labelled 
ribulose diphosphate, so that we would know exactly what happened to all those five carbon 
itoms, and then unlabelled carbon dioxide and the enzyme and see what happened. That 
shoul’ make phosphoglyceric acid, of which one molecule was labelled equally in all three 
(starting with uniformly labelled rubulose) carbon atoms and it should make one phospho 
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glyceric acid which was labelled only in the bottom two and not in the carboxyl group, so that 
the average of the two would be that the carboxyl was slightly less radioactive than the other 
two, instead of the opposite as in the first experiment. Fig. 14 (Plate facing p. 1897) shows the 
kind of data obtained; we see what happens with labelled ribulose diphosphate, unlabelled 
sodium hydrogen carbonate, and enzyme; phosphoglyceric acid is formed—some of the ribulose 
diphosphate is not used, It is a short time—I think it is only about a two-minute experiment 
two minutes’ exposure to (unlabelled) sodium hydrogen carbonate in these three chromatograms. 
There is apparently some enzyme in this preparation which converts some of the ribulose 
diphosphate into ribulose monophosphate, but most of it becomes phosphoglyceric acid, If 
the hydrogen carbonate is omitted, no phosphoglyceric acid is formed. This is the important 
thing. It is the hydrogen carbonate which does it; and if the enzyme is omitted nothing 
happens—one has just the ribulose diphosphate (with some ribulose monophosphate which is 
present in the sugar preparation), So we have demonstrated this reaction—tribulose diphosphate 
plus carbon dioxide to give nothing but phosphoglyceric acid. There is a small amount of 
side-reaction because the enzyme preparation which we have called carboxydismutase is not yet 
clean in this experiment and we have not yet seen the intermediate six-carbon compouna. 


lic. 15. Carboxydismutase reaction.* 
Substrate, enzyme added Origin RuDP-¥C resi PGA 
14) carboxydismutase 0 0 0 
( H¥CO, carbox ydismutase 6000 0 6000 
HCO, } carboxydismutase 5600 639 4218 
HCO,” +4- boiled carboxydismutase 5600 5142 58 


(RuDP ribulose disphosphate ; PGA phosphoglyceric acid.) 


Vig. 15 shows the result of direct counting of chromatograms such as Fig, 14, and it confirms 
what has just been said. When there is no hydrogen carbonate with the enzyme nothing 
happen the same in the absence of ribulose diphosphate. With unlabelled ribulose 
diphosphate and labelled hydrogen carbonate and the enzyme, all the activity is in phospho- 
glyceric acid and in the carboxyl group. With the labelled ribulose and the unlabelled hydrogen 
carbonate and the enzyme, most of the activity is in phosphoglyceric acid. Finally, with 
labelled ribulose and the unlabelled hydrogen carbonate and the boiled enzyme preparation 
nothing much has happened; the ribulose diphosphate has remained unchanged. 


lic. 16 Mechanism of the carboxylation reaction 
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Vig. 16 gives a suggested mechanism for this carboxylation. The ribulose diphosphate in 
the enediol form can pick up bicarbonate ion with the elimination of the elements of water 
Chis water molecule then can attack the resulting a-hydroxy-$-keto-acid in a standard fashion 
to hydrolyze it between the a- and the $-carbon atom and give two molecules of phosphoglyceric 
acid, We have never seen this intermediate and I think you can see why we would never see it 
under our isolation conditions. It would either be decarboxylated back to ribulose diphosphate, 
being an a-hydroxy-§-keto-acid, or it would be spontaneously hydrolyzed non-enzymically to 
give phosphoglyceric acid. This would be all we would see on our chromatograms, It is 
probably worthwhile hunting for this C, acid as an intermediate, Maybe one day somebody 
will do it 

We know now every step in the carbon cycle and I might add, parenthetically, that the entire 
cycle has been carried out in a soluble system, It has been done in a flask, so to speak, with a 
mixture of soluble enzymes and reagents, One feeds in carbon dioxide and takes out glucose, 
and this can be done now without the presence of any of the organized structures of the cell, 
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such as plastids, mitochondria, ete. Only soluble substances have been used, such as protein 
molecules and reagents—no organized particulate structures. This is not a light reaction 
because the reducing agent is supplied in the form of reduced pyridine nucleotide and the 
phosphorus is supplied in the form of adenosine triphosphate (ATP). Fig. 17 shows the photo- 
synthetic cycle in a schematic way but emphasizes more the reagent requirements, It will be 
noted that all that is required to make it go are some reducing agents and some adenosine 
triphosphate (ATP). We need this triphosphate to make | ; 3-diphosphoglyceric acid and to 
make ribulose diphosphate, and we need reducing power to reduce the glyceric acid 
(diphosphate). Those are the only two chemical reagents that are required to convert carbon 
dioxide into sugar. Now as stated above, this has actually been done by supplying the reducing 
agent in the form of reduced nucleotide and adenosine triphosphate as such, as indicated by 
Racker.* 
hic. 17. Proposed cycle for ca reduction in photosynthesis 
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Normally in the living green organism these two reagents must, of course, find their ultimate 
origin in the light reaction itself. This also is shown diagrammatically in Fig. 17. The quantum 
is absorbed by the chlorophyll, giving excited chlorophyll, The excited chlorophyll molecule 
then goes through some sort of an energy transformation, as yet unknown, to a situation 
(labelled [E) in Fig. 17), which ultimately uses that energy to split the water molecule into a 
reducing agent, [H|, and some sort of an oxidizing agent [O rhe oxidizing agent eventually 
can rearrange itself and come out as oxygen gas. The reducing agent can be used to reduce the 
glyceric acid. In addition to that, we must supply the adenosine triphosphate, Now the way 
one way at least—in which we know that large amounts of adenosine triphosphate can be made 
is by the combination of a reducing agent such as the pyridine nucleotide either with molecular 
oxygen or with some intermediate on the way to ox We can now define the precise 
quantitative requirements for the reduction of one carbon dioxide molecule, We can say it 
requires four of these reducing hydrogen atoms and we can show that what is required are three 
molecules——at least three—of adenosine triphosphate If these are the reagent requirements 
to run this cycle and these reagents must have their ultimate origin in a photochemical reaction, 
the question arises how can these two things be produced by the photochemical reaction, In 
general, the high-energy phosphate, as stated above, can be produced-—-and we know of several 
such methods of producing it—-by some oxidation reaction, Now the oxidation can use pyridine 
nucleotide as substrate, can use molecular oxygen as the oxidizing agent or, presumbly, some 
thing else in between. This is a back-reaction, then, of the primarily produced or secondarily 
formed reducing agent with (a) a primarily produced oxidizing agent before the latter yields 
oxygen, or (b) with oxygen itself. 

Now since we know that adenosine triphosphate can be made by the absorption of oxygen, 
oxidizing reduced pyridine nucleotide, we could suppose that, if the rate of reduction of carbon 
were sufficiently slow so that there would be time for some of this intermediate red uctant which 
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is formed to be reoxidized by oxygen to make adenosine triphosphate, or if some of the stored 

igar might be reoxidized by oxygen to make adenosine triphosphate, we should then have a 
quantum requirement which would be mach lower than if all of the adenosine triphosphate had 
to be made directly by means of the immediately absorbed light. Now the reducing agent and 
the adenosine triphosphate are both used together; that is, one needs four equivalents of 
hydrogen and three molecules of adenosine triphosphate to reduce one molecule of carbon 
dioxide. The rate of reduction of carbon at the higher rates of photosynthesis may be ten or 
twenty times (sometimes more) the maximum rate of oxygen absorption and respiration. Now 
if carbon dioxide is taken in and reduced at a very high rate, clearly the adenosine triphosphate 
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that would be required to reduce carbon at that rate could not possibly all be made by 


respiratory mechanism, that is, by a mechanism which involves the reabsorption of oxygen 
It is 


17 shows the broken line from the intermediate oxidant so that 


at 
ind the creation of the high-energy phosphate by an ordinary combustion process 


partly for this reason that Pig 
very high rates of reduction the adenosine triphosphate would be made nearer to the primary 


at 
photochemical reaction than at low rates of reduction. At very low rates of carbon reduction 


the adenosine triphosphate required to reduce it could be made by the oxidation of sugar at 
ome other place and then brought to where it is needed for the reduction of glyceric acid. Now 
we can make the single likely assumption that a quantum of light can excite only one electron, 
in the basic physical sense, and that it takes one quantum to excite one electron 
1 relation between quanta and electrons and the excited electrons are the 
reducing agents—the [H) of Fig. 17. With this assumption it should be possible to find 
conditions under which the adenosine triphosphate is provided by a respiratory mechanism and 
In that case, one should find conditions in which the 


not more 
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the electrons are provided by the light. 
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quantum requirement may be as low as four because only four electrons are needed to reduce the 
carbon dioxide. However, at very high rates of photosynthesis we need not only four electrons 
but also three adenosine triphosphate molecules, and we know that these cannot be produced by 
a respiratory mechanism; they must be produced also by the reoxidation of some of these 
electrons that are made by the primary photochemical reaction, as shown above. Then the 
quantum requirement must be higher. Now we can accept the quantitative relations indicated 
in the studies of oxidative phosphorylation in which it is known that the passage of a single 
electron from the reducing level of reduced pyridine nucleotide right up to molecular oxygen can 
generate about 1-5 adenosine triphosphate molecules ; in other words, two electrons can generate 
about 3, or sometimes as many as 4 adenosine triphosphate molecules (it has not yet been 
completely established). So at very high reduction rates, since three adenosine triphosphate 
molecules are needed for every four hydrogen atoms used as reducing agents and since it takes 
two electrons to make at least three adenosine triphosphate molecules by reoxidation, the 
minimum quantum requirement under those conditions should be around six, that is, four 
electrons for reducing and two more to make the required three adenosine triphosphate 

Suggested nature of the photochemic »paraltus and us relation to other functions 
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molecule And this we have been able to demonstrate (Fig. 18).4. We have been able to find 
conditions for which at high rates of photosynthesis 
than six (6+5); and as the photosynthetic-to-respiratory 


the quantum requirement is a little more 

} rate ratio (P/2R) is reduced the quantum 
requirement fall: we have extrapolated it to zero P/F. It is not a bad extrapolation, but it 
is actually from five down to four. There is no reason, | suppose, why it should not go down 
to 3-5. But for theoretical reasons we would prefer it to be nearer 4, although this is not 
essential 

Thus we have shown that at low rates of photosynthesis we can use some of the respiratory 
energy to make the adenosine triphosphate and thus use the quanta solely for reducing power 
and get a quantum requirement as low as four \t the high levels, however, we must not only 
make the reducing agent but we must also make the adenosine triphosphate by the recombin 
ition of the primarily formed oxidizing and reducing agents and thus produce a quantum 
requirement as high as six or seven. Now the question arises what do we know about the 
production of the reducing agent (and the oxidizing agent) and what do we know about the way 
in which the intermediate reductant and the intermediate oxidants can recombine to make 
adenosine triphosphate. And here, we enter, partly at least, the realm of conjecture; partly 
there is good reason for what we sv 

Fig. 19 shows a proposed scheme in which thi 
pyridine nucleotide which helps run the photosynthetic carbon cycle; this is the ultimate 
reducing agent In addition to the reducing agent, we must have adenosine triphosphate. 
Phis scheme provides a tentative proposal for the recom’nnation of the reducing agent of pyridine 
nucleotide and the imtermediate oxidant which I have here bracketed as hydrogen peroxide 


iccomplished :* it includes the reduced 
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We may combine these two through some sequence 


although its nature is really unknown. 
cytochrome 


very much like the respiratory sequence, which involves flavins, cytochromes, 
and molecular oxygen, but here we by-pass to cytochrome f which is an iron—ham 
tissue, but very characteristic of green materials. We 
tem, which is called the 


oxidase, 
compound such as exists in animal 
propose that through some sequence very similar to the respiratory sy 
oxidative phosphorylation system, we will produce adenosine triphosphate by recombining the 
electrons which have been raised to a reduction level such as that of reduced triphosphopyridine 
nucleotide by light, with the intermediate oxidant. We thus make two or three adenosine 
system. The broken line 
presumably what happens 


ynthetic system. Now 


triphosphate molecules for every two electrons that pass through this 
is what happens to the respiratory system alone, ‘The solid line is 
through some unknown sequence here to cytochrome f in the photo 
one may ask, where did all this come from, and this is a proper question 
part of big, 19 we designate the reaction of the photoexcited electron 

ulphur compound and in the upper right-hand part the reaction of the remaining 
hole "’ taking place at this point with the water molecules, Here we have 
ve have indicated some sort of structural feature fo: 
ition for this I might 
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that this layered structure is a 
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ide of the layer; the “ hole,’’ that 
other way The “ holes are 


kind 
electron into conduction bands where it then migrates to one 
the positive charge, in an ordered lattice migrates the 


} I 


neutralization, from the water 


ike Phis reaction (upper right, ig. 19) takes place at the edge of the layer, producing 


vhose identity is yet to be 


immediately trapped by the donation of electrons to them, 1.¢., by 


molec 
ome intermediate oxidant which here is given as peroxide but 
determined, with suitably labelled oxygen atom Since the “ hole 
ide the electrons on the other side have no place to go to and can remain for quite a long 
We have proposed that the substance that picks 


are immediately trapped 


oli cote 

time, waiting for something to pick them up 

trons is a sulphur compound, a five-membered disulphide ring, which for very special 

giving a dithiol which then can reduce the pyridine nucleotide 
We prefer sulphur to the pyridine nucleotide for a number of 


up the cle 
reasons is capable of doing this, 


ind carry the reduction further 


reason Che sulphur compound has a reduction potential slightly more reducing than reduced 


pyridine nucleotide (a couple of hundredths of a volt) and, therefore, it would reduce pyridine 


nucleotide, but the reverse would not take place readily In addition, there was another reason 


for focusing our attention on this sulphur compound, which came from our studies of the 
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carbon cycle. This involves another one of these steady-state experiments in which we see what 
happens to the level of certain compounds when light is turned off. Earlier this focused our 
attention on ribulose diphosphate as the primary carbon dioxide acceptor. Now I am going to 
show you how our attention was focused on this disulphide compound as the electron acceptor 
in the primary photochemical reaction. Fig. 20 shows the kind of data to which I am referring. 

Here, again, a steady state is established, but now instead of looking at ribulose and the 
sugars we are looking at something else. In addition to phosphoglyceric acid, whose activity 
rises, as already shown, when illumination ceases, another very interesting phenomenon occurs, 
While the light is on no radioactivity moves from the phosphoglyceric acid into two charac- 
teristic compounds, citric acid and glutamic acid. Kut immediately illumination ceases the 
radioactivity appears in citric and glutamic acid. The citric acid scale has been magnified ten 
times; there is very little citric acid, but there is an enormous change in the amount when the 
light is turned off. The other compound, the glutamic acid, is shown on the same scale as the 
phosphoglyceric acid; the changes in the two correspond (approximately quantitatively) ; that 
is, the disappearance of phosphoglyceric acid in the first few minutes in the dark is accounted 
for by the appearance of the radioactivity in glutamic acid The actual amount of citric acid, 
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however, stops rising very quickly, This demonstrates that the carbon is passing from phospho 
glyceric acid through citric acid into glutamic acid. An argument similar to that used earlier 
can now be made, demonstrating that this is a cyclic tem and glutamic acid is the storage 
product, Citric acid immediately calls to mind the Krebs cycle and this has been very well 
established as a route for the combustion of sugars through pyruvic acid; Fig, 21 shows this 
cycle. 

' Now the only way to bring carbon from glyceric acid into this cycle is through pyruvic acid 
and pyruvic acid oxidase, Pyruvic acid oxidase is the system which converts pyruvic acid into 
carbon dioxide and acetyl coenzyme A. Without going into the details of the structure of 
coenzyme A, it suffices to remember that it contains thiol as an active group and it is the transfer 
of the acetyl group of pyruvic acid to the thiol group which constitutes the pyruvic acid oxidase 


reaction. Let us emphasize, once again, that the only way from phosphoglyceric acid into the 
22 shows this light 


Krebs cycle is througy acetyl coenzyme A via pyruvic acid idase big 
and dark relationship diagrammatically. 

Here is shown the photosynthetic cycle building up sucrose and phosphoglyceric acid and 
we know that in the light the carbon dioxide and water go in, with oxygen coming out, and we 
generate reduced carbon which goes into carbohydrates, fats, proteins, etc., in the plant. Then, 
gradually, these things will leak over into the respirator, tem and the tricarboxylic acid cycle 
shown in Fig. 21 In light they pass over rather slowly from the photosynthetic cycle to the 
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photosynthetic pool and the cytoplasmic Krebs cycle pool. A correspondingly large change in 
concentration gradient would be required to change the rate of diffusion from one pool to the 
other.* 

There is then some kind of valve system between the two cycles, which in the light is closed 
but in the dark is opened. This is a basic notion which we must realise. Now remember that 
the only way for the intermediates to get into the photosynthetic cycle-—the direct way—is 
via phosphoglyceric acid through phosphopyruvic acid, pyruvic acid, pyruvic acid oxidase, to 
acetyl-coenzyme A, and then into the cycle as illustrated above. The light in some way controls 
that reaction. About two years ago when the nature of pyruvic acid oxidase was discovered 
it turned out to be this five-membered cyclic acid-—-thioetic or lipoic acid-—and this cyclic 
disulphide has some very curious properties. 

The point at which the valve works is shown in Fig. 23. Here is shown the photosynthetic 
cycle in all the details, as well as the route from phosphoglyceric acid to phosphopyruvic acid, 
pyruvic acid, and right through pyruvic acid oxidase to make acetyl-coenzyme A and into the 
citric acid cycle. This shows in detail the two cycles that were indicated diagrammatically in 
Fig. 22, but it shows precisely where this valving (disulphide) compound is functioning in 
bringing the pyruvic acid to the acetyl-coenzyme A. Fig. 24 shows how this valving actually 
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Che coenzyme for pyruvic acid oxidase was demonstrated to be this five-membered ring with 
some carbon atoms on the side and the ‘‘ X’’ we are now in the process of determining. It 
looks as though it might be a glyceride of some kind, but that has not been established and is not 
important for this particular argument. The important thing is to notice that in order for the 
two carbon atoms (« and §) of the pyruvic acid to get into the acetyl-coenzyme A we must have 
available the disulphide form of the thioctic (lipoic) acid, It is an oxidizing agent which oxidizes 
pyruvic acid to make acetyl-lipoic acid and carbon dioxide, Then the acetyl-lipoic acid exchanges 
with the hydrogen atom of the SH of coenzyme A (CoA) to make the dithiol and acetyl- 
coenzyme A which then reacts with the oxaloacetic acid to form citric acid, and thus passes into 
the tricarboxylic acid cycle. The dithiol, then, has to be reoxidized by something, usually 
pyridine nucleotide, to give the disulphide back so that it can function again. The light prevents 
this leakage from the photosynthesis cycle direct to the Krebs cycle. I suggest that the light 
does it by reducing the disulphide; at this point we do not say how the light reduces the 
disulphide It shifts the equilibrium from the disulphide to the dithiol and if the compound 
is in the dithiol form it cannot carry out the oxidase function Thus, we shut off the connection 
between pyruvic acid and the tricarboxylic acid cycle 

rhe final suggestion is that the light does this direct] that there is nothing between the 
electron which is activated by the light in the chlorophy!! layers and the disulphide-—-that it is 
this which picks up the electrons off the layer of chlorophyll rhe proof of this is not going to 


be eas’ This is in a class with most of these colloidal phenomena in biological systems, in 


* A question by Prof. G. E. Briggs (Cambridge) has reminded us of the apparent lack of a definitive 
mon of this pomt 
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which there is a very complex structural element involved, and the efficiency of the process 
depends on the existence of that complex structural element. We have been able to 
demonstrate, for example, that the addition of external lipoic acid to a suitable system will, 
indeed, increase the efficiency with which oxygen is evolved. We have also shown that the 
addition of lipoic acid will decrease the lifetime of the excited states that are waiting for a 
converter. Rembember that I pointed out that the “ hole ’’ is trapped so that the electron 
remains and we have been able to show by flashing-light experiments that when lipoic acid is 
added the length of time that those electrons remain is decreased. But the direct demonstration 
of the suggestion that lipoic acid, or a very similar sulphur compound, is the direct receiver of 
the photoexcited electrons is going to be extremely difficult However, as just mentioned, 
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there are various indications which tend to confirm this notion. It may ultimately turn out 
that it is not lipoic acid itself but some derivative of it; or it may turn out that there is one 
compound lying between the photoexcited electrons and the sulphur, but it cannot be very much 
that lies between them because the valving is so swift and so complete, This constitutes one of 
the major problems that remain, The other is the nature of the intermediate oxidant that 
was mentioned earlier 

Fig. 25 is the system I have been describing, here shown in some detail, with different aspects 
emphasized. Here the photochemical apparatus is only indicated, producing reduced disulphide 
which then reduces the pyridine nucleotide which then runs the photosynthetic cycle. Some 
of this reduced pyridine goes back through the flavin-cytochrome system to produce the 
adenosine triphosphate which is necessary to run the photosynthetic cycle, The rest of it is 
used for the reduction. The relation between the photosynthetic cycle and the tricarboxyli 
acid, or Krebs, cycle is more clearly emphasized, Here is also shown the way in which adenosine 
triphosphate can be made in the dark, or at very low light intensities, by using up some of the 
stored sugar in the Krebs cycle. Coming in at the upper left-hand part of the scheme, the sugar 
can produce pyruvic acid which can then run through the Krebs cycle to produce reduced 
diphosphonucleotide, which can then run through the cytochrome system to oxygen to produce 
adenosine triphosphate, This would permit a quantum requirement of four. Some adenosine 
triphosphate may come this way, so that most of the reducing power can be used for carbon 
reduction and then we get a quantum yield of four, When the adenosine triphosphate require 
ment is so great that we have to burn some of the reduced pyridine as well, then we 
get a quantum requirement of six, Finally, Fig. 26 shows the whole system together—the 
photochemical apparatus, the photosynthetic carbon cycle, and the Krebs cycle. Also shown 
is the oxidative cycle which produces the adenosine triphosphate and about which least is 
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OBITUARY NOTICES. 
MEKEDITH GWYNNE EVANS 
1904- -1962. 


By the death of Meredith Gwynne Evans on December 25th, 1052, at the early age of 48 physic: 
chemistry has lost an outstanding figure and science one of its most vital personalities, 

I. vans was born at Atherton, a suburb of Manchester, and was the eldest son in a family of 
three sons and one daughter His younger brothers, who, like M. G., were educated at Man 
chester University, have shown distinction in academic life: A. G. is Professor of Chemistry at 
Cardiff University, and D. G. is Reader in Bacteriology in the University of Manchester. Evans 
after attending the elementary school at which his father was Headmaster, won a County 
Scholarship to Leigh Grammar School and subsequently entered the University of Manchester 
to read Chemistry After a brilliant undergraduate career he was, in 1926, elected a research 
cholar His earliest research was on problems of adsorption of gases on chabazite and other 
zeolite rhe taking up of these studies was no doubt influenced by the existence of a group of 
physical chemists in Manchester-——particularly the late F. P. Burt, the late D. H. Bangham, and 

i. M. Herbert--who were then interested in adsorption problems. It was these people and 
late Professor Arthur Lapworth who stimulated Evans's interest in theoretical chemistry) 
initial publication in this field was a study with G. N. Burkhardt on “ unshared electron 

effects produced by o-p-directive substituents in organic molecules.’’ In 1929 Evan 
ited Assistant Lecturer in the University and after three years on the staff he accepted 
nt Koyde Scholarship, primarily in order that he could devote his whole effort to 


| 


experimental and theoretical research About this time far-reaching developments were occur! 
ing in chemustry lirst, quantum mechanics had progressed to the stage when it became 
possible to apply these new ideas to chemical problems, and Evans during his period of freedom 
from other responsibilities devoted himself to perfecting his mathematical techniques, in which 
he obtained much help and inspiration from Professor D, RK, Hartree and the lively group of 
ts centred around W, L. (now Sir Lawrence) Bragg, ‘The second important development 
wi of the discovery and use of deuterium, and when in 1934 Evans was awarded a 
Kockefeller Scholarship he proceeded to work with H. 5 now Sir Hugh) Taylor at Princeton 
where he made several experimental studies on the elucidation of the causes of the difference in 
behaviour of the two hydrogen isotopes. This was a happy period for Evans because Princeton 
at that time was a centre of discussion of the newer theoretical ideas in chemistry, and he was 
able to play an active part in the brilliant group, including H. Eyring, which Taylor had gathered 
wound him 
When Evans returned to Manchester two years later, Michael Polanyi, who had already 
established a world-wide reputation for his work on the theory and study of atom reactions and 
in the application of quantum theory to chemical reactions, had been appointed to be the first 
holder of the Chair of Physical Chemistry, Then began that happy association which in the next 
few years led to the joint publication of a series of papers ou the theory of chemical reactivity 
vhich have had a profound influence on all subsequent developments in this field. Among these 
papers was the formulation of a theory of chemical reaction now well known as “ the transition 
state theor Parallel developments had been made by Eyring and his collaborators and the 
researches of the Manchester Princeton school opened up a new era in the study of rate processe 
vans and Polanyi applied their ideas to the reaction of sodinm atoms with a set of alkyl halide 
diene-association reactions, chemiluminescence, and other processes hese studies included 
ide consideration of the nature of the forces of interaction between atoms and molecules and 
vere extended by Evans and his co-workers to the structure and nature of the forces in liquid 
ind solutions, a field to which in later years he was to devote considerable attention 
In 1939 I- vans was appointed to the Chair of Physical Chemistry at Leeds tefore he had time 
to establish his researches there, war had started and he was called upon to undertake other 
duties as a member of the extra-mural group which Professor R. W. Whytlaw-Gray had pre 
viously established there in connection with the work of the Chemical Defence Experimental 
I-stablishment of the Ministry of Supply During the period 1939-1945 he and his colleague 
contributed greatly to various problems concerning the break-up of liquids ejec ted from muni 
tions and the rates and theory of evaporation of small droplets of liquid of low vapour pressure 
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On the cessation of hostilities Evans started a series of experimental studies of far-reaching 
practical and theoretical importance, He and his colleagues in Leeds elucidated the mechanism 
of the ferrous ion—hydrogen peroxide reaction (enton's reagent) and the nature of the initiation 
of vinyl polymerisation by this reagent. The proof of the formation of the hydroxyl radical in 
aqueous solution, which was produced by the electron-transfer reaction Fe* H,O, —» Fe*" 
‘OH + OH™, opened up the fields of study of the nature of redox initiation of polymerisation 
and electron-transfer reactions in solution. He established the method of the use of the polymer- 
isation reaction as a quantitative detector of free radicals and showed that a number of ion pairs 
such as Fe? OH~, Fe** N,~ with light of the appropriate wavelength produced free radicals by 
an internal electron-transfer process and that these jon pairs were eflective photosensitisers of 
polymerisation. 

It was not unexpected when the Manchester Chair of ’hysical Chemistry became vacant in 1048 
that Evans would return to his Alma Mater. Here he not only continued his investigations of 
electron-transfer and polymerisation reactions but widened his interests in theoretical chemistry 
He rapidly collected around him in Manchester a host of enthusiastic researchers who looked 
upon M, G, as their inspirer, adviser, and leader, It was whilst at the peak of his career, and 
when he had become recognised as one of the leaders of physical chemistry in this country, that 
in June 1952 he underwent what his friends thought would be a successful operation. Although 
he was able to return to his Department during September, his health rapidly deteriorated and 
it was with quiet courage and fortitude that he faced the effects of his advancing illness, Even 
when his reserves of strength were fading he enjoyed the discussion of some theoretical concept 
with his visiting friends and was as ever very warm in his greeting, 

Evans was a man of charm and kindness who won the affection and admiration of all who 
eame into contact with him. He was a man of prodigious energy and was always ready with 
encouragement, advice, and assistance to his students or anyone interested in science. His 
interests were wide; he was fond of music, had a critical appreciation of art, and was outspoken 
in defence of modernistic developments, He had a keen interest in the art and technique of the 
film and I have often known him, when some problem he was wrestling with was causing diffi- 
culty, to leave the laboratory quietly to spend an hour or so at the cinema and then return re- 
freshed to his work. On his return to Manchester in 1948, he bought a house with a well-planned 
garden and he soon became a most enthusiastic gardener. It was a great thrill for him to win 
a prize for a display of sweet peas at the local show and I[ well remember a very happy day spent 
with him at the Chelsea Show. This hobby was a great comfort to him during the later stages 
of illness. Above all things his real interest was his scientific studies and no man was ever more 
enthusiastic about his work. Hewasa fluent lecturer with a remarkable ability to stimulate young 
students. To Leeds and Manchester he attracted postgraduate students from many British 
universities and from abroad, These students and his staff colleagues will always remember 
his love for a discussion around the blackboard and his power of grasping the essentials of a 
problem presented to him and of re-stating it in an exact and elegant form. Although not a 
practical man he was interested in developing new experimental methods, but his main concern 
was with the results and their theoretical significance and the fundamental generalisations which 
followed. He was a familiar figure at scientific gatherings and was at his best in presenting a 
new theory or abstract theoretical development in a clear and illuminating manner, Scientific 
societies and Government committees made great calls upon him. He served as a member of 
the Council of the Royal Society and of the Faraday Society. He was a member of the Scientific 
Advisory Council of the Ministry of Supply and of many of its committees and was also 4 member 
of the Advisory Council on Scientific Policy. He was elected Fellow of the Royal Society in 1947 
and was Tilden Lecturer of the Chemical Society in 1951. He was also well known abroad : 
he was a guest lecturer in Holland (1948), and Keiily Lecturer in the University of Notre Dame, 
Indiana (1951), and also lectured at scientific gatherings in Italy and France. He was happily 


married and is survived by his wife, one son, and one daughter 
H. Bawn 
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JAMES WILLIAM McBAIN 
1882-1953. 


tory of James William McBain spreads across the pages of physicochemical science from 
ning of the 20th century to his death in Stanford, California, on March 12th, 1953. 
ational, covering extensive experiences on four continents. It began with 

22nd, 1882, the elder son in a family of five, three sisters and one brother, 


Clifford, in Chatham in the maritime province of New Brunswick in Canada, He was 


the n of a Presbyterian minister, James Affleck Frazer McBain, who was married to 
Mary Morrison Quin; he was a great-grandson of a former Principal of St. Andrews University, 
Hunter. He seems to have had a satisfying Canadian boyhood, leading his two younger 
and brother into one adventure after another on Silver Lake and at Port Dover. A part 
chool years was passed in Rhode Island, U.S.A. 
his early education made him sound in body and mind is shown by his lifelong interest 
llence in sports and by his entry into the University of Toronto at the age of 17. At 
he had attained a first-class honours B.A, degree, and the M.A. degree followed in 1904 
try and mineralogy were his principal concern. His orientation to physical chemistry 
letermined by his professors, W. Lash Miller and F, B. Kenrick, who had brought to Toronto 
close of the 19th century the new physicochemical tradition from Berlin, Géttingen, 
and Leipzig. It was therefore natural that McBain himself should journey, late in 
1904, to the University of Leipzig where Wilhelm Ostwald was fashioning the new science with 
of distinguished assistants including Luther, Freundlich, and Drucker. He proceeded 
1905, to Heidelberg where in three semesters he achieved the Ph.D, degree in physical 
ith G, Bredig as his professor, 
tudent years he passed to his first academic appointment in 1906 as lecturer in physical 
at the University of Bristol. It is typical of the state of physical chemical science of 
ears in England that, in spite of the high quality of his research achievements, it was not 
1919 that he attained a Chair, becoming the first Leverhulme Professor of Physical 
hemistry in Bristol University Already at that time he had established his leadership in the 
hysical chemistry of soaps, detergents, and colloidal electrolytes, and had foreshadowed his 
it contributions to the phenomenon of “ sorption ’’ by charcoal. His scientific interests 
| with an active participation in student activities, in alumni and in adult education, 
| training and sports for the students, and in their training for future war service in 
lraining Corps. Already he had revealed the breadth of his international interests, 
ent in Europe he toured Germany and Italy in pursuit of knowledge in music and the 
Karly in 1914 he was back in Leipzig bringing to the Bunsen Gesellschaft news of Soddy 
nnounced determinations of the atomic weight of thorium-lead, hearing of comparable 
irches by Hénigschmidt and Fajans on radio-lead. The concept of radioisotopes was 
hed in the early days of that fateful year. We toasted the new era together in excellent 
kKthine wins [welve years later we met again at a symphony concert in Boston, Mass. McBain 
had decided to accept a call to Stanford University where he remained from 1927 until his 
retirement as Emeritus Professor in 1947, For two years longer he engaged in researches for 
Office of Naval Research and then, on the invitation of Prime Minister Nehru, he 
the position of Director, to complete and staff the Indian National Chemical 
, at Poona, India, He came back to the U.S.A. on leave in 1951, and returned 
tanford a few months before his death in 1953 
as included in these round-the-world excursions of the Indian period. His 
f Kussia stemmed from three visits: as a representative of the Royal Society and 
rican Chemical Society at the Mendelejeff Celebrations in Moscow and Leningrad in 
lecturer at the Physical Chemistry Institute in Mescow in 1937; and in 1945 as one of 
entatives of the U.S.A, at the post-war celebration of the 220th Anniversary of the 
demy of Science Lhese several occasions permitted tour through Kussia, the 
ind Georgia, and an air-flight across Siberia 
first marriag Anna Roeder of Karlsruhe did 1 urvive the Anglo-German 
World War | daughter, Janet Quin McBain, came with her father to 
I " of California as a visiting professor in 1926 His second marriage, on New Year's « 
1y20 lary Evelyn Laing, a scientific collaborator, member of the Science Faculty at Bri tol, 
and urch Associate in Chemistry in the earliest years at Stanford, was a model of scientific 
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and social harmony. Together they fashioned a beautiful home and an incredibly lovely garden 
in the arid hills above Palo Alto. They had one son, John Keith McBain, the surnames recalling 
Miss Laing’s Scottish ancestry and an uncle, John Laing, who fared forth from Scotland to 
South Africa in the late 19th century. 
McBain’s honours and services to mankind were many. Elected to the Royal Society in 
e became the Davy Medallist for 1939. His honorary degrees included doctorates from 
and Bristol Universities. He was Vice-President of the Faraday Society and active 
in the organization of ‘‘ Tables Annuelles’’ of physicochemical data, He was cited by the 
British Government for services in the Ministry of Munitions in World War I and received the 
Order of Merit for services to the Naval Research Board of | 4. in World War II His war 
and post-war duties in U.S.A. were for the Office of Scientific Research and Development, the 
National Advisory Council for Aeronautics, and the Rubber Research Board, He was an 
ctive member and officer of Rotary International at Bristol, Palo Alto, and Poona. The 
st of honour at the 1926 Fourth National Colloid Symposium in U.S.A., he was host at 
Stanford to the 2lst Symposium, the “‘ McBain Colloid Symposium.”’ His Fellowship of the 
Chemical Society dated from 1911. 
His scientific contributions are embodied in upwards of four hundred papers and two text 
books dealing respectively with ‘‘ Sorption of Gases and Vapours by Solids’ and “ Colloid 
His earliest field of research was the physical chemistry of simple soaps, their 
il conductance, extent of hydrolysis, diffu transport numbers, and thermodynami 
neept of the ionic micelle "’ as well as of 
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properties Out of these researches emerged the 
neutral micellar units. The phase relationships of soap-rich aqueous systems form another 
group of his studies of soaps in which he correlated the practical conclusions of the soap-boiler 
with the scientific demands of Gibbs’s phase rule 

His formulation of micellar structure called for an external sheath of polar groups, with the 
interior non-polar when present in aqueous phase, In non-aqueous non-polar media an 
inversion of the structure would occur with polar groups oriented to the interior of the micelle 
Such inverted micelles should dissolve non-polar solvents such as hydrocarbons, In this way 
McBain uncovered by extensive researches the phenomenon of Olubilization.’’ This and the 
complementary concept of “ co-solvency,’’ increase of solubility by the use of two or more 
components in the solvent medium, were the objectives of much collaborative research with his 
tudents in the final phases of the Stanford period 

Another phase of McBain’s work was concerned with the surface layer of capillary active 
soap solutions. As is well known, Gibbs established that there should be a surface excess, I’, 
of a capillary active component in a solution related to the surface tension, y, and the chemical 
potential of the solvent by the relation I’ dy /dy Langmuir’s work had indicated that the 
urface layer was actually a monolayer, in solutions of the lower fatty acids for exampk 
McBain applied much experimental research and considerable ingenuity in testing the propertie 
to 


| 


of surface layers, devising a moving-microtome method coupled with an interferometer 
determine the composition of such surface laye1 His conclusions from these experiments, as 
well as his studies on adhesives and adhesive action, led him to agreement with Sir William 
Hardy that structure existed over considerable molecular layers below the monolayer 
An experimental technique comparable to that of the moving microtome and of wide 
ubsequent utilization was his development of the McBain-Bakr spring balance rhis permitted 
measurements of sorption, within an entirely sealed system, by the extension of a helical spring 
of fused silica, the extension being determined by the weight of sorbed material on a sorbent in a 
bucket hanging from the helical spring. With Britton he studied the sorption of nitrogen 
nitrous oxide, and ethylene on charcoal at pressures of up to 60 atmospheres, indicating their 
conformity to the Langmuir formulation of adsorption, The balance has proved a moat valuable 
tool applicable even to mono-layers adsorbed on single crystal faces McBain's use of the term 
orption *’ dates from 1909 to cover a complex o ocesses which might include adsorption 
iffusion, absorption, and solid solution, The particularized names such as “ adsorption,’’ et 


should be restricted to cases in which it has been oven to consist of only one of these 
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Phenomena in sorption which proceeded progressively through long periods, even years, he 
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labelled “ persorption 
4 further illustration of the elegance of hi perimen achievements is to be found in a 
ries of studies between 1935 and 1941 of air-dri entrifuges which he utilized for colloid 
problems and sedimentation equilibrium measur it rhe simplicity of the centrifuges wa 
coupled with their inexpensiveness 


Quiet, kindly, sympathetic, meticulously ho: n scientific and personal relations, he 
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endeared himself to a large host of students and scientific colleagues. Across wide areas of the 
ritish Commonwealth be left the enduring mark of his presence and, in his adopted country, he 
achieved the opportunity to exercise, with full scope, the great gifts for science which were so 
abundantl ni 
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YYDNEY GLENN PRESTON PLAN] 
1896-—1955. 


Sypney GLuenn Preston PLant, the only son of Alfred Glenn Plant, was born at Leicester on 
November 5th, 1896, and he died in Oxford on September 10th, 1955, after a short illness and 
an operation, He was educated at Wyggeston Grammar School, Leicester, while Canon James 
Went was Headmaster, and he received his early scientific training under E. J. H, Eames who 
vas Science-master at Wyggeston in his day, He won an Open Scholarship in Natural Science 
to St, John's College, Oxford, in March 1915, and, as he was not accepted for military service, 
he went up to Oxford in the following October. He obtained a First Class in the Final Honour 
chool of Chemistry and took his L.A, degree on July 6th, 1918. At St. John’s he was a pupil 
of M. P. Applebey 
Plant was appointed Demonstrator in Organic Chemistry in the University of Oxford in 
July 1919 and elected to a Senior Demyship at Magdalen College in December of the same year. 
Ile became a University Lecturer in Organic Chemistry in 1924 and, at the time of his death, 
he was senior Lecturer and Demonstrator in the Dyson Perrins Laboratory. In 1920 he gave 
his first lectures in the Chemistry School at Oxford, and from that time until he died, he lectured 
, hever missing a year. At the beginning of his career he gave the fundamental lecture 
! organic chemistry, and he will no doubt be best remembered, by many generations 
rgraduates, for his lectures on Stereochemistry and on Sugars and Polysaccharides 
a most gifted lecturer with great ability to select and condense the essentials of complex 
ifficult subjects, and few who heard him will forget the impact of his lectures which were 
outstanding, even in Oxford where good lecturers are not rare. As a demonstrator, too, 
1s unfailingly helpful and stimulating, especially to the undergraduate struggling with his 
t attempts at practical organic chemistry. 
Viant's earliest researches were on the absorption of ethylene and propene by sulphuric acid 
id were of a semiphysical nature, carried out under N, V. Sidgwick. This work earned him 
gree of 3.Sc. in 1920, Then he turned to pure organic chemistry and worked unde1 
‘erkin, junior, for the degree of D.Phil., which he received in 1923. It was at this time 
in his work on tetrahydrocarbazole * (I), his interest in this substance having arisen 
possible relation to strychnine and its structural similarity to tetrahydroharmine, 
wgan by investigating its nitration and found that, whereas tetrahydrocarbazole itself 
itrated in sulphuric acid to the 6-nitro-compound, its 9-acyl derivatives are nitrated in 
etic acid to give 9-acyltetrah ydro-7-nitrocarbazoles, together with substances that have been 
formed by addition to the 10; 11-double bond.»** 9-Benzoyltetrahydrocarbazole thus afforded 
)-benzoyl-l: 2:3: 4: 10; 1l-hexahydro-10-hydroxy-1]-nitrocarbazole which was converted, 
by alkali, into §-o-benzamidobenzoylvaleric acid. 9-Acetyltetrahydrocarbazole, on the othe 
hand, afforded the 9-acetylhexahydro-10:; 1l-dihydroxycarbazole (11). This substance wag 
ilso obtained later * by bromination of 9-acetyltetrahydrocarbazole, The compound (11) was 
found to undergo interesting rearrangements with acetic anhydride and with alkali and afforded 
two isomeric compounds, C,,H,,ON (III and IV), both of which were different from two further 
isomerides, CygH,ON (V and VJ), obtained by bromination of tetrahydrocarbazole itself and 
its 0 benzoyl! derivative respectively. *. The compounds tetrahydro-11-hydroxycarbazolenine 
V) and tetrahydro-l-hydroxycarbazole (V1) were both found to dimerise with loss of water, in 


thi tice tetrahydrocarbazole refers to 1: 2:3: 4-tetrahydrocarbazole and hexahydro 
to 1:2:3:4: 10; 1l-hexahydrocarbazole 


erkin and Plant, J., 1921, 119, 1825 
/., 1923, 128, 676 
1036, 899 
| Tomlinson, /., 1931, 3: 
, 1988, 208 
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the presence of acetic anhydride, thus affording 1: 2: 3:4: 1’: 2’: 3’: 4’-octahydro-l ; 9-0 ; 1I’- 
dicarbazolylene (VII). The constitutions of these substances were finally elucidated in collabor 
ation with Sir Robert Robinson,**-* and these complex reactions can most easily be sum 
marized in the annexed chart. 

It is interesting that Plant’s discovery ® in 1925 of the toluene-soluble covalent sodium and 
potassium compounds of cyclopentanespirooxindole (III) [at that time considered to be the 
indoxyl (IV)] was of great interest to Sidgwick because these substances were the first co-ordin 
ation compounds of sodium and potassium to be recognised 

Plant's life-long interest in indoles and carbazoles grew out of his early work on tetrahydro 
carbazole: with his pupils he has published some eighty papers on researches mainly in this 
field. Nitration, bromination, and the Friedel-Crafts substitution of many simple and complex 
indoles and carbazoles were investigated, and the constitutions of the products of these reactions 


Oo = CoO 


By OH H 
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elucidated. In many instances it was necessary to develop unambiguous methods to settle the 
structures of compounds which were formed by application of the Fischer reaction to meta 
substituted phenylhydrazones, Plant and his puepils have established that in general only the 
simpler indoles (tetrahydrocarbazole, dihydropentindole, dimethylindole, ete.) form addition 
products and that N-acylated indoles normally undergo substitution mela to the SN*COR 
group, t.¢., the orientation is not controlled by the nitrogen atom of the indole nucleus. The 
main point of attack is generally at a meta~position furthest from the ring-junction when two 
meta-positions are present 

The reductions of many heterocyclic compounds were investigated by Plant and his col 
laborators and they have isolated cis- and trans-hydro-derivatives in a number of cases. During 


* Plant and Robinson, Nature, 1950, 165, 36 
Plant, Robinson, and Tomlinson, thid., p. 928 

* Plant and Tomlinson, /., 1950, 2127 

* Plant and Sidgwick, /., 1926, 187, 209 
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the war Plant worked with a team at the Dyson Perrins Laboratory investigating vesicant 
substances, and the results of these researches were published in a series of papers in the Journal 
in 1948 ince then he had become interested in the preparation and investigation of the five 
ble isomeric indolocarbazoles and a series of papers on these and related topics has appeared 
t six OF seven years 
probably rose to his greatest heights as a supervisor and director of research. His 
rk provided a steady flow of research problems not too difficult for the beginner, yet 
le for the training of the young worker; he selected topics for his pupils with unfailing 
idgment and invariably guided their work to successful conclusions. Those who came 
influence are the better chemists for the excellent training they received under his 
d kindly supervision: they owed him a great debt and they have repaid it by the good 
ve made of his inspiration 
1928 Plant was appointed Secretary to the Delegates of the University Museum at Oxford 
held this office, together with his University Lectureship and Demonstratorship, until 
He had a real flair for organisation and at the Museum he displayed it to the full 
eum too, no less than at the laboratory, his unfailing good judgment, his tolerance, 
htful sense of humour stood him in good stead. He was as adept at dealing with 
communications of the discoverers of perpetual motion, as with the every-day 
the Museum The success of the 1954 meeting of the British Association at Oxford 
to his untiring efforts at the Museum, and he wrote an admirable article on ‘‘ The 
ience Area ’’ for the British Association publication ‘‘ The Oxford Region.’ 
ved on the Council of the Chemical Society and was a member of its Publication 
e for some years. He wrote the sections on heterocyclic chemistry for the Annual 
m 1928 to 1931 and, with the exception of two letters to Nature, all his scientific work 
published in the Journal of the Chemical Society. 
ried, in 1924, Winifred, daughter of William Crawford of Leicester, and he is survived 
| by their two daughters, both of whom are now married He was a keen Freemason 
e Master of his Lodge. A quiet and kindly man, he was liked and respected by 
him. Sydney Plant will be long remembered in Oxford, especially by everyone 
Perrins Laboratory and the University Museum, to both of which he gave so 
of devoted service, and by the countless Oxford chemists who were his pupils and 
ind Mrs, Plant entertained so hospitably at their home in Farndon Road, 
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HUMPHREY RIVAZ RAIKI 
1801—1955 


.AIKES was born at Ide Hill in Kent on July 14th, 1891. His father, Canon Raike 
Rugby footballer and his grandfather on his mother’s side, William Oswell, w 
in hunter who accompanied Livingstone on his first journey (which he had financed 
fami Raikes was at school first at Tonbridge and later at Dulwich where he learnt 
d machines on the Engineering side He went to Balliol in 1910 as a William 
ier to read Chemistry, and gained the Abbott Scholarship in 1911 and a first cla in 
H¥onour School of Chemistry in 1914. Raikes was a keen soldier (his grandfather 
as a civilian in the Crimean War) and while an undergraduate he held a Special 
ommission in the Buffs and he went with them to France in the autumn of 1914 He 
wounded in the shoulder in May 1915 and after his recovery transferred to 
ng Corps, in which he took a leading part in the development of the early bombi: 
and became chief experimental offices He was a member of the Royal Air For 
© the United States in 1918 and for his services to flying he received the Air 
1 that year 
returned to Oxford as Lecturer in Chemistry at Balliol in 1919 was elected t 
at Exeter College where he later became Sub-he Ihe school of Physi 
yas just beginning to grow and Raikes’s contribut is Treasurer of the Balliol 
ity laboratories was invaluable His unselfish and tidy housekeeping aved hi 
ues from sO many heada hes and he al Vays found mean of prov iding the space a 


paratus we needed His own interest was in electrochemist! nd those of us who wer 
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that field owed much to his con t ’ tiONS ; help, that his own 

ym must not be measured by the small num! f pers he publishe He rejoined 

in 1935 a hief Instructor to the Ox! | ! Au iadron with the rank 
ymmander 

striking personality and breadth of interests had marked him out for action in a 

nd in 1927 he was appointed Pri nal the Witwatersrand University of 

From his grandfather he had inheri interest in the African continent and 

ketch map of his journeys used in hi dy ose who had the 

ippoint him could not have made a wis« 101 he University with 1500 

just moved to an almost empty site at Miln a ind the Medical School at 

housed in the unfinished fragme: f the ilding taikes saw a great 

1 his constructive mind, his car il, hi heti nse of fitness, hi 

and his untiring energy, found e ( in the fine group of buildings which the 

id the Medical School now enjoy en | tired in 1954 the number of students 


University library was destroyed by taik is undaunted by the loss 
tepping stone towards the new and finer library th was built His appeal 
1 the University and brought KS from universities in 
ntrie 
lost h e for scientific work and he d I 1 1 jurage the development 
iduat t *s in pure and applied s Por irs af he came to 
Johannesburg he took an active part in the teachi el id on is first tasks was 
the re-organization of the University laboratori ume advised the 
older men to finish their courses and the younger to Ip at on le s . O.C. of the 
Rand University Training Corps and his work as ¢ of 1 ptitude oard, which 
resp 311 or the methods of personnel elect i for the ] \fricalr ‘orce, was the 
r influence in establishing the National Institute ume nder the South 
yuncil for Scientific and Industrial Rx 
the war he felt very keenly the debt that t Ll tot ng men and women 
ted to the war effort and he did hi f nat tho ho could profit 
lucation should not suffer for their ck tion to « ' Nearly 3000 ex-soldiers 
entered the University, and its numbers rose from 3000 to 5000 largely to Kaikes 
kilful improvisation the University was equal to the t l th vice men were deeply 
grateful to him for his care and solicitude for them 
In 1932 Kaikes was elected President of the ' i ni n i ind in 1947 
the Associated Scientific and Technica t uth ica In his Presi 
son “ Liquid Fuel from Coal ’’ he owed for ' in awing ition to 
al and water supplies place on the 
of industrial development in the ] 

a very broad progressive view of the p! fa uni ty u iodern life and 
under his guidance Witwatersrand developed on lin« hicl ditton the varied needs 
of commerce and industry as well as to strengthen it tion as a¢ tre of academic studies 

at services to education were ized by onora Degrees from the 
Cambridge, Cape Town, and 1 t di fortnight before hi 
University. 


if him as he had been my fi " | many lessor 


h him going round the Wit ersra Universi e! great education 


it Hall in whic h he had « f j ic probien ue Prouping ol 


the | 


the quadrangle, he keen s« | ! j i partments, the 
na, the lay-out and equipment t ental pita ju te inything in 
monument to Raikes’s tast 
research He was loved | f I hom | Kl so 1 


i nuch ill 
to them he spoke of the divi | it nity iis he 


himself 
this quality, together with hi ode nm the ’ ind confidence 


ie did not hesitate to criticize if he felt it neces f H jad lied the political 
problems of the Union, he had learnt Afrikaans, and ise i " ! sorely missed 
in South Afric: 


HARTLEY 
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RALPH WILLIAM EWART STICKINGS 


1895—1955 


born in Mitcham on March 20th, 1895, was a science graduate of 
service with the R.A.M.C. in 


J PICKINGS, vho was 


During the 1914-18 war he saw active 


m University 

id was awarded the O.B.E 
1919 he came to May & Baker Ltd. at Wandsworth as a research chemist. For some 
e was engaged in the preparation of heterocyclic compounds containing arsenic for the 
of their trypanocidal properties. In 1927—28 he was either sole or joint author of 


ilu it)o ’ 
of three publications thereon in the Journal, his name figuring in relevant patent 


i eT 


rature 

In 1924 he migrated from research to production within the May & Baker organisation, 
first at the Wandsworth factory and subsequently at both 
’ he remained until the end of his days 


ecoming Works Manager 
In 1940 


Wandsworth and Battersea; and a “’ production man 
rhe year 1934 saw the transference of the firm to its present site in Dagenham, 
Vr. Stickings became the first Director of Production. 

between his appointment to the Board and his nomination in 1952 as Deputy 
Stickings a period of increasing activity in the interests, not 


The number of his 


he Veal 
Director were for Mr 
parent company, but of its subsidiaries at home and overseas 
within the organisation and the extent of his travels on its behalf are indicative of 


the 


vide Pp 
~—s i 
usiness apart, he was a man of wide interests, 


ho was a Deacon of the Congregational Church, 
He died in Brentwood District Hospital, Brentwood, Essex, on December 3rd, 1955, leaving 
A third son lost his life in the advance towards 


hips 
owers of leadership and of the high esteem in which he was held, 
He had a kindly disposition as befitted one 


widow, two sons, and a married daughter 
ANON 


Arnhem 
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